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1. INTRODUCTION

Beginning with the simultaneous discovery of the fundamental algorithm
by Hirota, et al. (1970), and by Roache (1971), a new class of algorithms for
solving elliptic partial difference equations has been developed during the
last 10 years. Roache (1971) noted that the fundamental algorithm, which is
analogous to "shooting methods™ 1in ordinary differential equations, and
described as the "error vector propagation” (EVP) method, 1is very efficient
when applied %o 1low-resolution problems, but cannot be applied to high-
Dietrich (1974) discovered an
iterative application of the algorithm that could be applied to high-

resolution problems due to roundoff error.

resolution problems, and this 1iterative technique was further explored and
refined by Dietrich, et al. (1975) and by Dietrich (1977). Madala (1978)
discovered a method, called the "stabilized error vector propagation” (SEVP)
technique, whereby the basic algorithm can be applied as a direct method for
high-resolution problems. Roache (1978) reviewed the development of EVP and
analyzed its characteristics in detail.

One important class of applications of EVP-based elliptic solvers is
in semi-implicit formulations of the fluid dynamic equations in which dominant

I. Hirota, T. Tokioka, and M. Nishiguchi, J. Meteor. Soc. Japan 48 (1970),
PP, 161-167.

P. J. Roache, "A New Direct Method for the Discretized Poisson Equation,” in
Proceedings of the Second International Conference of Numerical Methods in

Fluid Dynamics, Berkeley, California, September 16-19, 1970, pp. 48-53, 1971.

D. Dtetrich, J. Meteor. Soc. Japan 52 (1974), pp. 337-338.

D. Dietrich, B. E. McDonald, and A. Warn-Varnas, J. Comp. Phys. 18 (1975),

D. Dietrich, Final Report, Contract No. NOOO14-77-C-0208 for the Naval
Oceanographic Laboratory of the Naval Oceanographic Research and Development
Activity (1977).

Ro Madala, P‘ono Wan Rev. 106 (1978), ppo 1735-17“10

P. J. Roache, Num. Heat Trams. 1 (1978), pp. 1-201.
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terms involved in gravity (O'Brien and Hurlburt, 1972) and/or compression wave
(Dietrich, et al., 1981) propagation are solved implicitly (with the remaining
terms explicit). "A more powerful application exists in solving "almost fully
implicit” formulations of the fluid dynamic equations (Dietrich, 1975); this
application 1s recommended when the shortest fluid dynamic time scale of
interest is long, compared to the well-known CFL time step limit, as appears
to be the case in most fluid dynamic problems with constant or slowly varying
external forcing. (In some problems with waves generated by time-varying
external conditions, this might not be the case.)

In Section 2 of this report, we describe an SEVP algorithm, program
JAYNOR, for solving general two-dimensional, second-order elliptic equations.
This algorithm can be applied to linear problems with variable coefficients,
irregular boundaries, 1islands, and general boundary conditions. Its limita-

tions are mainly associated with roundoff error, as described in Section 3.

In Section 4, we describe how to use a computer program based on this general -
algorithm, as well as more specialized versions of this program. Appendix II
contains listings of this generai program and its more speclalized versions. |
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J. J. O'Brien and H. E. Hurlburt, J. Phys. Oceanogr. 2 (1972), pp. 14~26. g
D. Dietrich, H. Klein, and R. K.-C. Chan, "FLAME: A Computer Model of Time- {
Dependent, Multidimensional, Multiphase Reactive Flow,” paper presented at the !
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2. THE GENERAL SEVP ALGORITHM

The general SEVP algorithm described here 1s similar to the one
described by Madala (1978). The differences are mainly the capability of
including 1slands 1in the present version, and the elimination of the
homogeneous solution calculation during the forward sweep by more fully
utilizing influence coefficient arrays generated during a preprocessor.

The new SEVP algorithm, JAYNOR, uses a master flag array, Ni,j'
defined by:

1 1f the (1,3j) point is "inside the boundary”

N1,3 '
0 otherwise

Points on 1islands are considered "outside the boundary”. If Ni,j = 1, the
following equation is satisfied:

A c

By Foam a0 & C1 0y Buany

T

D R et R g T g ? (1)

where Ai,j' Bi,j' Ci,j' Di,j' and Ei,j are given coefficient arrays of the
five-point elliptic operator; Fi,j is a given source term array; and xi,j is
the solution array determined by JAYNOR. If Ni,j = 0, the Xi,j is left
unchanged. In addition to the above-indicated parameters and others normally
needed to define a two-dimensional elliptic partial difference equation with
second-order accuracy, JAYNOR requires the user to specify the number of
subregions in which the aforementioned SEVP algorithm is to applied, and the
grid lines separating these subregions. In general, the more subregions used,
the smaller the roundoff error will be in the solution (at the expense of more
auxiliary storage and calculation). These grid lines are transverse to the
EVP march direction, which is the j-direction in JAYNOR.

We now describe the JAYNOR algorithm in detail. Since Neuman and
mixed boundary conditions can be easily transformed 1into Dirichlet-type

boundary conditions by suitably redefining the partial difference operator and
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source term at points adjacent to boundaries (see Appendix 1), we describe 1its
application to problems w.th Dirichlet conditions. (JAYNOR assumes the user
has already performed this simple task.)

First, we describe JAYNOR application to a regular region, illustrated

in Figure 1. Two classes of auxiliary influence arrays are generated in the

pe——

JAYNOR preprocessor, subroutine JAY. Both classes are composed of selected
subvectors from the total solution vector, forced by a selected isolated unit
source term. In a regular problem, each such subvector of the first class 1is
the solution at the second row from the bottom of a subregion, forced by a
unit source term assigned to a selected point in the second row from the top

of the same subregion, in an associated problem in the region below the top

boundary of the subregion — the associated problem has homogeneous boundary
conditions, including at the top bounday of the subregion, and has zero source
term everywhere, except at the selected unit source point. In JAYNOR, this i
array 1s called RINV; specifically, RINV(I1,I2,K) 1is the solution at the '
(1241) position of the second row from the bottom of subregion K, forced by an

e ik aa Bl

isolated unit source at the (Il+l) position in the second row from the top of

subregion K. In a regular problem, each subvector of the second class is the

solution at the second row from the top of a subregion, forced by a unit =

source term assigned to a selected point in the second row from the top of the
same subregion, again in the associated problem described above. 1In JAYNOR,
this array 1is called RINV1l; specifically, RINV1(I1,I2,K) is the solution at
t!n the (I2+1) position of the second row from the top of subregion K, forced by Lf

e ncab al A A LR AL

an isolated unit source at the (I1+l) position in the second row from the top
of subregion K. The top subregion does not require an array of this second

class. (Although the above description indicates the storage sequence in

¥

 J regular problems, arrays RINV and RINV1 are stored as one-dimensional arrays

-1
<

to save storage In irregular problems due to differing storage requirements in

each subregion —— see below.)

e et

Using the arrays RINV and RINV1, as determined by the JAYNOR pre-

F.' processor, which is performed in subroutine JAY, subroutine NOR calculates the
3 solution to the partial difference equation (1) with assigned boundary
E conditions. This 18 done using a forward sweep, followed by a backward sweep,
g similar to the procedure described by Madala (1978), utilizing RINV and RINV1
o data along the way. In the present method, the forward "particular solution
E sweep” and backward "homogeneous solution sweep” each requires slightly fewer
{
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Figure 1.

IE(3) = 19
IE(2) = 13
IE(1) = 7

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Application of program JAYNOR to a regular mesh. The partial
difference equation 1s satisified at the center of each cell,
except those outside the boundary, which are shaded; the source
term and solution arrays are cell-centered. Grid lines forming the
cell boundaries are drawn. Grid lines between SEVP subregions are
darkened. In this example, JAYNOR program topological variables
are as follows: M=14, N=20, NSB=3, IE(1l)=7, IE(2)=13, 1E(3)=19,
and the NTYPE(I,J) array has zeroes for I=1, I=14, J=1 and J=20,
and ones everywhere else (there are no islands). SEVP starting
vector positions are indicated by S's, and SEVP residual vector
positions are indicated by R's; most of the R's have zero sub-
scripts to indicate they are "open residual positions” (see main
text).
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operations than a single ordinary relaxation sweep, except for operations
involving RINV and RINVI1. Subroutine NOR avoids generating a homogeneous
solution on the forward sweep by using RINV1 to adjust the grid point values
in the second row from the top of each subregion (except the top subregion)
directly during the forward sweep, instead of wusing RINV, RINVl, and an
appropriate homogeneous sweep to create these same adjustments, as described
by Madala (1978). Every other step of the present procedure 1is essentially
the same as described by Madala when JAYNOR is applied to a regular region.
Application of JAYNOR to elliptic problems in regions with irregular
boundaries and islands is similar to its application to regular problems. The
differences are mainly in the definition and use of the preprocessor arrays
RINV and RINVI1. These differences are associated with the definition
"starting vector points” and "error vector points” in each subregion. For
regular problems, "starting vector points” are points in the second row from
the bottom of each subregion, and "error vector points” are points in the
second row from the top of each subregion (see Figure 1). When the problem is

irregular, "starting vector points” are all points in the second row from the

bottom of each subregion that are inside the boundary (NTYPE=1) plus all

points inside the boundary that are immediately above points that are outside
the boundary (NTYPE=0) (see Figure 2). Similarly, "error vector points” are

all points 1in the second row from the top of each subregion that are inside

the boundary plus all points inside the boundary that are immediately below

points that are outside the boundary (see Figure 2). The general defintions
for RINV and RINV1, applicable for both regular and irregular problems, are
then as follows. RINV(L,M,K) 1is the solution at the Mth starting vector
position in subregion K, forced by an isolated unit source at the Lt? error
vector position iIn subregion K, in an associated problem, as described
above. RINVI(L,M,K) 1is the solution at the mth "open” error vector position
in subregion K, forced by an isol-ted unit source at the Lth error vector
position in subregion K, in the associated problem, where "open” means that
the point above the error vector position is inside the boundary (NTYPE=1l)
(see Figure 2). Since the ranges of L and M can vary from subregion to
subregion in 1irregular problems, arrays RINV and RINV1 are treated as one-

dimensional arrays to save storage.
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3 Figure 2. Application of program JAYNOR to an irregular mesh with islands.
1 Refer to Figure 1 caption to interpret this figure. Some of the
-4 R's have zero subscripts to indicate these are "open residual v
1 positions” (see main text). The user need not specify the R, S, [
and R, positions; they are determined in subroutine TOPOL from the
user-gspecified topological flag array NTYPE (sce main text).
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3. SELECTION OF MARCHING DIRECTION AND BLOCK SIZE

The choice of marching direction and block size is determined by the
accuracy desired in the solution, the computing precision used, and the EVP
roundoff error characteristics of the partial difference operator. (In many
applications, it 1s desirable to use double precision on IBM computers and on
other computers for which double-precision computation is about as fast as
single-precision computation. This can wusually be facilitated by using
IMPLICIT REAL*8 type statements at the beginning of the EVP subroutines.)
Detailed discussions on this are given by Dietrich (1975) and Roache (1978).
In general, the choice of march direction and block size depends on a number
of factors, and only rough guidelines can be given. Fortunately, this is all
that is needed, since even when operating well within roundoff error restric-
tions, the SEVP method is robust and 1is usually competitive with the best of
other methods, often being superior. However, it should be noted that when
the geometry is regular (or nearly regular), and the partial difference
operator has constant coefficients, there are transform methods (combined with
a capacitance matrix to handle any d{rregularities) that can be superior to
SEVP in terms of storage requirements and competitive in terms of operation
count (Wallcraft, 1980).

A general rule-of-thumb guideline for the choice of subregion size

when using SEVP is that for an elliptic partial differential equation with low

to moderate diagonal dominance (as in a Polsson partial differential
equation), the normalized absolute error in the application of the EVP
algorithm to a given subregion is of order 5B times the computing precision
used, where B is the ratio of the subregion length in the EVP march direction
to the minimum grid interval size in the other direction. For example, for a
Poisson equation on a uniform mesh (Ax = Ay), and computing precision of 15
significant figures, the SEVP solution would be accurate to about five
significant figures if the maximum subregion length were about 14 grid
intervals. However, SEVP can be applied iteratively (as can any direct

solver) to reduce roundoff error to any desired level above the computing

A. Wallcraft, "Capacity Matrix Techniques,” Ph.D. Thesis (1980), Department of
Mathematics, Imperial College, London, England S.W.7.
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precision available. For example, if the roundoff error is 0(10'5) after one
call to SEVP, the error can be reduced to 0(10'10) after two SEVP calls. Each
succesive SEVP problem 1is forced by the roundoff error residuals from the
previous SEVP problem, and the result is added to the previous solution.

A rule for choosing the SEVP march direction is suggested by Madala

(1978) . Madala recommends choosing the direction for which "A > 1", where A

is the ratio of the grid interval transverse to the SEVP march direction
divided by the grid interval in the SEVP march direction. However, in some
problems there are regions for which A > 1 and other regions for which A < 1.
In such problems the use of SEVP as a direct method may be costly. A good
possible alternative in such cases is to use SEVP iteratively (with variable
march direction) in the same way EVP was used iteratively by Dietrich, et al.
(1975); in some cases, it may be useful to use alternate forms of EVP such as
described by Dietrich (1977) and by Roache (1978). Even in problems for which
"A = 1" has the same sign everywhere, it might not be best to march in the
direction for which A > 1. Specifically, when A > 1 for a march direction
with much fewer mesh points than in the other direction, the other march
direction may be better even though more SEVP subregions are required, since
the 1influence arrays RINV and RINVI will be much smaller for a given
subregion. This, of course, can be affected by the kind of computer being
used (e.g., vector vs. scalar computer).

Finally, when there are islands, it is sometimes advantageous to place
the SEVP subregion boundaries in such a manner that the islands straddle the
boundaries, especially when this does not increase the number of SEVP
subregions required; this reduces the number of starting and error vector
points required and the associated auxiliary computation and storage used by
the SEVP algorithm. Similarly, if there are no islands, it is desirable to
place the SEVP subregion boundaries near the narrowest parts of the SEVP

domain, such as the throat of an hourglass-shaped domain.
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4. USING THE JAYNOR COMPUTER PROGRAM

Program JAYNOR sets up and solves a general sample problem, using
preprocesor subroutines TOPOL and JAY, and repeat solution subroutine NOR; in

JAYNOR program variables, the sample problem may be written:

AX(T,J)*X(I,J+1)+CX(I,J)*X(I+2,J+1)+AY(I,J)*X(I+1,J)

+CY(T1,J)*X(T+1,J+2)+BB(I,J)*X(I+1,J+1) = F(I,J) . (2)

If NTYPE(I,J) = 1, Eq. (2) 1is satisfied; 1if NTYPE(I,J) = 0, X(I,J) is left
unchanged and treated as a boundary condition, where appropriate. Thus, the
user must specify: the partial difference operator coefficient arrays AX, CX,
AY, CY, and BB; the source term array F; the topological array NTYPE; the x-
dimension of the solution array M; the y-dimension of the solution array N;
the maximum (for all SEVP block subregions) number of starting vector guess
positions MXGS; the number of SEVP block subregions NBLK; the dimensions of
the influence coefficient arrays (RINV and RINV1) LDl and LD2; and the grid
line number at the top of each subregion, array IE. If any of the user-
specified dimensions MXGS, LDl1, or LD2 is too small for the specified mesh
topology (NTYPE array), appropriate diagnostic messages are printed in
subroutine TOPOL and the computation is halted. Most arrays have dimensions
selected from the following quantities: M, M-2, N, N-2, MXGS, NBLK, and
NB1K-1. Specifically, the appropriate dimensions are as follows:

(M-2,N-2): AX,AY,CX,CY,BB,Q,F

(M,N): RECUR,X,H,ERR,XX,NTYPE

Also: DUMO(MXGS,NBLK-1),DUM1(MXGS),DUM2(MXGS),
ILFT(N),IRGT(N),IGES(MXGS, NBLK) , JGES(MXGS,NBLK),
ICHK(MXGS,NBLK) , JCHK(MXGS,NBLK) ,NEV(NBLK),
LINK(M-2,NBLK-1) ,NLINK(NBLK-1), IE(NBLK),L1(NBLK),
and L2(NBLK-1).
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The maximum lengths required by RINV and RINV1 are:

RINV( NBLK*MXGS*MXGS) , RINV1 ( ( NBLK-1 )*MXGS*(M-2)) .

A complete alphabetical list of the JAYNOR program significant variables and

asterisk.

LG 'u.v‘rm. R e
AR 4 A
t,

i

their definitions

follows. User ~specified variables are denoted by an

TABLE 1: JAYNOR VARIABLES AND DEFINITIONS

Variable Name

T
R -

Variable Definition

L *

PREY VO T v P TP TS 3 = A n—_

T AX(I,J) Left coefficient of difference operator at mesh point
3 (I+1,J+1)

.

P

g AY(I,J)* Bottom coefficient of difference operator at mesh point
E (I+1,J+41)

37‘ BB(I,J)* Central coefficient of difference operator at mesh point
L (I+1,J+1)

E CX(I,J)* Right coefficient of difference operator at mesh point
1 (I+1,J+41)

#- CY(I,J)* Top coefficient of difference operator at mesh point
1 (I+1,J41)

§ ERR(I,J) Normalized residual array

R = ERSUM Mean absolute residual

F F(I,J)* Source term for difference operator at mesh point (I+1,J+1)
: FSUM Mean absolute source term

gk H(I,J) Almost-htomogeneous solution component array calculated on
}

i backward SEVP sweep

: (1C,JC) Mid-point of island location in SEVP sample problem

: ICHK(N, NB) The N'N residual position in the NBtM block 1is on the
Q ICHK(N,NB) vertical mesh line

i (continued)
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TABLE 1 (continued)

Variable Name

Variable Definition

inside the NBEM' block

! IE(NB) The top azimuthal mesh 1line
- (IE(NBLK)=N-1)
IGES(N,NB) The Nth starting vector position in the NBth block is on
the IGES(N,NB) vertical mesh line
ILFT(J) The left-most point inside the boundary on horizontal mesh
line J
IRGT(J) The right-most point inside the boundary on horizontal mesh
line J
JCHK(N, NB) The NP residual position in the NBM block 1s on the
JCHK(N,NB) horizontal mesh line
JGES(N, NB) The NID' starting vector position in the NBP block is on
the JGES(N,NB) horizontal mesh line
[ Lo* The dimension of array RINV
3
i: Lp2* The dimension of array RINV1
E' LINK(N,NB) The NP open residual position in the NBtN block is at the
ﬁ LINK(N,NB) residual position (I=ICHK(LINK(N,NB),NB),
1 J=JCHK(LINK(N,NB),NB)=IE(NB))
k L1(NB) The total number of elements in array RINV for blocks below
g block NB
{ L2(NB) The total number of elements in array RINV1 for blocks
X below block NB
;' M* The number of vertical mesh 1lines spanning the problem to
" be solved
s
1 MXGS* The maximum number of guess points to be encountered over
- all blocks (can be larger)
t N* The number of horizontal mesh lines spanning the problem to
e be solved
[ NBLK* The number of blocks (SEVP subregions) to be used
¢ NEV(NB) The number of starting vector (or residual) positions 1in
p block NB
[ |
k (continued)
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TABLE 1 (continued)

Variable Nanme

Variable Definition

NLINK(NB)

NTYPE(I,J)*
Q1,J)
RECUR(I,J)
RINV

RINV1

X(1,J)

XX(1,J)

The number of open residual positions in block NB

Topological flag array (NTYPE(I,J)=1 1if the partial
difference operator 1is to be satisfied at the grid point
located at the intersection of the I'™ vertical mesh line
and JtM horizontal mesh line; NTYPE(I,J)=0 otherwise)

Same as F(I,J)

Real array of 1's and 0's related to NTYPE

Influence coefficient array relating unit source terms at
error vector positions to solutions at starting vector
positions

Influence coefficient array relating unit source terms at
error vector positions to solutions at error vector
positions

Solution at mesh point (I,J)

Same as X(I,J)

*
User-specified variable

15
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APPENDIX I

TRANSFORMATION TO DIRICHLET BOUNDARY CONDITIONS FROM
NEUMAN OR MIXED BOUNDARY CONDITIONS

Using the notation of Eq. (1) in the main text, suppose the point
(1=1I+1, j=J+1) 1s inside the boundary, whereby Eq. (1) applies with i=I and
J=J, and suppose that the point (1=I,j=J+1) lies outside the boundary, whereby
Eq. (1) does not apply with i=I-1 and j=J. Instead, we apply a "boundary

condition” of the form

X =8 -qa -

I,J+1 (3)

XI+1,J+1 ’

where o and B are specified. If a = 0 we have a Dirichlet condition, and no

adjustment is necessary before using program JAYNOR. However, if a ¥ O we can

use Eq. (3) to eliminate X1 3411 from the equation set. We do this by
]

substituting Eq. (3) into Eq. (1) with 1=I and J=J to obtain

A7 * X

B S ¥ el T 20,0 0 Mo T Cra T N g

5,3 " a2t Byt Fra,on T T » (B

where AE,J =0, EE,J = EI,J - AI,J * a, and Fi,J = FI,J - AI,J * B.

The modified partial difference equation (4) can be solved by program
JAYNOR; the value of XI,J+1 does not matter in this solution procedure,
although the user 1s free to calculate the appropriate value, after JAYNOR
gives the corrct xI+1,J+1 value, using Eq. (3). Mixed boundary conditions in
the other three directions from the point (I+1,J41) can be treated in an

analogous manner.
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APPENDIX II1
COMPUTER LISTINGS OF FOUR SEVP VERSIONS
The main text describes the most general version of program JAYNOR in
detail. This is Version 2. The differences between each successive version
and the previous one are i1ndicated by comment cards in the main program

JAYNOR.

The listings for four versions follow.
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VERSION 2
]
1. 01 PROGRAM JAYNOR(INPUT ,OUTPUT,TAPESSTNPUT,TAPESZOUTPUT)
2. 00 COMMON/SEVP/ZAX (7 49) gAY (T,9)¢BBIT,9)oCXIT99)sCYIT490,007,9),F(7,9),
3. 00 A RECURI9,I1),RINVISEB),RINVII308),0UMSIT4,2),0UM1(14),
[ 00 B OUM20T8),X19,13)¢HI9,11),ERR(9,1TD,XXI9,IT1),ILFTIIID,
S. 00 C IRGTE1TD TGESIT4,3),UGESI24,3),TCHKIT4,3),JCHKI14,3),NEVIZ),
6o 0o D LINKIT,2)oNLINKE2) JNTYPEC(Q,11),TEC3),L1€3),L2(2)
7. 00 DATA MoN,MXGS NBLKLDT,LD2/9,11+14,3,588,308/ -
8. 00 DATA TE/4,7,10/7
9. 00 C OIETRICHM®S MODIFIED MADALA SOLVER, VERSION 2,
10, 00 C THIS VERSION TS IDENTICAL TO VERSION 1, EXCEPT
1. 00 € FOR MAKING RINV AND RINVI TNTO 1-DIMENSIONAL ARRAYS, AND MODIFYING
12, 0o C BOOKKEEPING TO REDUCE STORAGE REOUIREMENTS.
13. 00 C EQUATION TO BE SOLVED I 5
14, 00 C NTYPE(T41,J¢I) © (AX(1,J) @ X(I,J*1) ¢ CXU(I,J) @ X(]e2,J%1)
15, o0 c ¢ AYII,J) @ X(1e1,J) ¢ CYU1,J) & X(Tel,de2))
16. co c e (2 = NTYPE(T41,J1)) # BBII,J) @ X(Ie1,Je1) i
17. 00 c =2 % (1 = NTYPE(Tel,J1)) @ BBII,J) @ X(Tel,Je])
18. [+]] [ o ¢ NTYPE(T®1,Je1) @ FUloJ)y ((1-00 0ceeoM=1),0JZ0slsecesN=-1))
19. 00 C WHERE TERMS OUTSIDE DIMENSION BOUNDS ARE INTERPRETED AS 2ERO°S. :
: 20. 00 C THUS, TF NTYPEIT,J)=0, X(I,J) IS LEFT UNCHANGED, "
; 21. 00 MNIZH-1
- - 22. [\]] N1=N-1
i 23, 00 M2=M=2
; 24, 00 N2=N-2
#—" 25, 00 NBLK1=NBLK-T 1
2o 00 00 80 J=1,N e
1 27, 00 00 80 1=1,M .
Zoe 00 8C  NTYPE(1,J)=Ce 4
| 29, 00 D0 90 J=2,N1 {
1 30. 00 00 9N 1z2,MI <
i 31. 00 9t  NTYPE(T,J)=1 3
32. 00 00 2000 JC=2,N1 X
33, 00 00 2000 IC=2,M1 ;
34, 00 NIYPECIC,JC)=D S
35, 0o NTYPE(IC=-1,J4C)=0 -+
36 00 NTYPE(IC*1,JC)=C
37. 00 NTYPECLIC,JC-1)=0 i
38. 0o NTYPE(IC,JC+1)=0
39, oo WRITE(6,92) (INTYPE(T,J)o1Z1,M)4J21,N)
40, 00 92 FORMAT(IOX,911)
41. 01 CALL TOPOLU(RECURILFT,IRGTI6ES JGES ¢TCHK qJCHK (NEV,LINK NLINK,
42, 0o A NTYPE  TE MyNyMT yN1 M2, NBLK NBLK],MXGSyL14L2,LDOT,LD2)
83, 00 00 100 JS1,N2
(TP 00 00 100 IS1,M2 N
S, 00 AX(14J)Z1,9,010(T=0)002
8. 00 CXU14J)=1,=e010(I-n)0e2 1
87, 00 AY(1,J)2T.%,010(J=85)002 :
88, 00 CY(1,4J)Z1,=o0100J-5)002 4
9, 00 BBUT,JI==AXIT J)=AY(T,J)=CXUT4J)=CYIT, J)~0]
$0. 00 100 CONTINUE
‘ 51, oo DENOMZ (. 250MeN) 82 ]
b 82, 0o 00 170 JUZIN 4
if-‘ s3. 00 00 I70 I214M E
S, 0o XUT,J0201=1,000T=K)elJ=Ty)0(J=N)/DENON
- ss, 09 XXEToJISXUT4J)e1] =NTYPE(T 1 J))
i S6. 00 170 CONTINUE <
87« 00 FSUM=0.
3 ™) 4
p
: b
‘ 4
[.
"
:‘ 9
5
' @ ]
3
s R
E 4
1 3
1 3
- <
20 ]
X }
)
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S8
s’.
‘o.
6le
62.
63,
[ 1
65.
66
61.
68,
69.
’n.
1.
2.
3.
Tee
’s.
T6e
7.
7.
19
0.
Sl.
2.
83,
84,
5.
L'
a7.
al.
.’.
9.
’l.
’z.
'3.
L LY
9.
9.
9,.
".
99.
1to.
lol.
102,
103.
108,
lﬁs.
106
107.
108.
109.
1104
l ll.
112
113,
116,
115.
116
117,

— — e w ww —e w e

VERSION 2
(continued)

00 171 Jz=2,N1
LaJ-1
00 171 1:=2,m3
LR LS ¢
FIRGLISAXIN,LDOXIN JIOAYIK LIOXIT L)eCXIK,LIOXI] O], )eCYIN,L)®
A X)1eJel)eBBUIN,LIeX(1, )
171 FSUMSFSUMeABSIFIK,L))
FSUNSM2eN2/F5UN
TO=SECOND)I TIM)
CALL JAY)AX,AY BB, CXeCY RINV,RINV] H RECURILFT,1RGT,16ES ,JGES,
ALCHKy JCHK ¢NEV (L INK ¢NLINK ¢NTYPE ¢ JE yM o NyM2 N2 NBLK ¢NBLK 1 MXES4L1,L2)
TIN5UN=0,.
00 181 JU=2,N1
00 18] 1=2,m}
011-1,J=112F1})=14d=}))
181 ¥X11,J)20.
ALINE=D,
TOZSECONDITIM)
CALL NORIAX,AY BB ,Cx,CY,RINV,RINV],0UMD,0UM] ,0UN2,0,M,XX,RECUR,
A ILFT G IRGT16ES ¢y IGES s ICHN JCHK ¢NEV (L INK NLINK,1F oM N M2,N2,NBLK,
B8 NBLK1 MXGS,L1eL2)
00 990 J=2,N1
00 990 1=2,M)
950 XUI,J)1SxX{1,J)exXD1,I)
00 991 J=1.N
00 991 1:=1,M
98] xx01,J1:0,
00 992 JS2,N}
Lzy-1
00 992 1=2,m)
KZle}
962 OIM LISFINLI=AYIK,LIOX)] yJ=1)=AXIN, LIOX)]1=]l,J)=BBIN,LIO®X)]od)=
A CXIN,LIOX)Te],J)=CYIN L)X, Jel)
1C00 CONTINUE
9CS FORMATUIX,1P15E8.1)
ERSUM=0,
00 740 1:22,M1
Xz1-1
00 740 J=2,N1
Lzd-1
ERRILZUISFIRGLI=AYIN ,LIOX 1T oydoT)=AXIN,L)IOX{1=1,J)=BBIK L)®
A X)19J)=CXIR,LION)ITeToJ)=CYIK,L)OX)]),J*])
ERRITLJIIZERRI L yJIONTYPE) ], J)
ERSUMSERSUMABSIERR)IT I
780 ERRILILWJIZERRIL,JIOFSUN
ERSUMZERSUMOFSUN/IM2eNZ)
VRITE(6,908)
9Ce FORMAT) /40X, 20HNORMALIZED RESIOUALS)
00 742 1:=2.,m1
WRITEI6,9051(ERRIT 4 J) ¢JS2,NT)
J42 CONTINUE
WR1TE16,906) ERSUN
9C6 FORMATI/3TH MEAN ABSOLUTE NORMALIZEQ RESIOUAL = ,IPE9.2)
1F 1ERS5UM.GT.1.E~4) 5TOP
1F JTCeNEL2) NTYPEL]IC-1,4J4C)=1
IF 1ICNE.M1) NTYPE(IC*1,uC)2)
1F {JCeNEo?) NTYPEN1IC,JC~1121
1F ¢JCeNELN1) NTYPE(IC,3Cel)=)
2€00 NYYPE(IC,uC)21
END

21
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‘ VERSION 2 -
2 (continued)
3
b
t( A
3 1. 02 SUBROUTINE JAYIAX,AY,BB,CX -
CY,PINV,RINVI,H,RECUR,ILFT
2. 00 TIRGT o I6ES s JGES e 1 CHK o JCHK s NEV L N NTY 4 ¢
VoLINK NLINK NTYP
t, :. gg lo:au.uau:.-xss.u.tzn ’ ’ ’ ’ € o1E MO MO N2 N2
1 . MENSION AXIM2,N2) JAYIM2,N2) ,BBIMZ,N2),CXIN2,N
Se 00 A RINV(l).RINVIll).NECUN(NB.NO;.N"!O.N[)). bR b e £
| ' 00 B ILFTING),IR6T 19,16
e o0 A END) LT INBLN) L2(NPLXT),IGES (NXGS,NBLX),
1. o0 g JEESIMXGS yNBLK)  TCHX LMXES yNBLK ) o JCHK {MXGS yNBLK ) g NEVINBLK ) 5
b s Jtl;«lﬂz.uaun.Nunnuauln.n!wuno.no).::uam
i 10. 00 LO=L1ENBLK) .
i 1. 00 TH
i 12. on 1€0 NB=NBel
- 13. oo NGESZNEVINR)
14, 00 NGESIZNEVINB-I)
15, 00 LAZLLIND)
‘ 16. 00 LBZL2ENB-T)
‘ 17. 00 LC=L2(ND)
* 18. 00 JHZIE INB) '
19. 00 JHPZIHe] =%
20. 00 JHMZJN-2
: g;. 00 00 25C NG=1,NGES ‘
2. o0 1G=1GESING,NB ) .
! 23. gg JGZJGES NG yNA) i
{ . JFzJG-1 d
} gs. 00 00 210 JTJL,JHP ,
o 6o 00 00 210 I=1,MD ‘
t{ : 27, oo 210 Mil,J)=0. ]
] gg. 00 MI16,J6)=T. - 4
o oo IF (JF.GT.JHN) 6O TO 228 N
i 00 1IF (NTYPEUIG,JF).E0.0) 60 TO 220
3;. 00 NOPSNLINK (NB=1)
3. 00 00 214 N=Z1,NOP
e 20 TFLTCHN R owA
CICHMK (M, NR=1),E0.16 -
o of o TR . AND.JCHRIM,NB~T1,E0.JF) 60 TO 218
36. 00 215 0O 21B NTI,NOP
gz. gg 3 LZLINKINGNB=T)
5 1B MUICHKEL NB=1),JF ) ZRINVI (LB (N~ - i
= o L IRL0G 0L bl ) LBeIN-TIONGES1eM)ISCY (16=1,J6~-2)
:t!). 00 ILZILFT(Je2)=1
: . 00 IRSIRGT(Je2)~1
.';». gg 222 D0 225 1=IL,1R
5 225 M(161,J¢2)=-RECURIT®1,Je2)0(AXI1,J)®
84, 00 A BBUI,JIoNHIT] J‘I"C' DAL OCA e e
'
as, 00 278 DO 23C NCZ1,NGES Sl
:e. 00 121CHNINC,NB) =1 ;
.:. gg v JJCHKINC,NB)-T o
5 230 RINVILASINC-11ONGESONG)IZAXTL yJ)®HIT o) eAY
z ' .
;;. 00 A HETOTogeT1eCKIT oI oMITo2,d01) ’ Lo
0. 00 IF (NB.EO.NBLK) 60 YO 2850 ]
1. 00 NOPSNLINK(NB) ]
sa;. 00 JZICINA) ]
3. 00 00 240 NZI,NOP ;
ss. gg 240 ::““W"m :
INVILOe IN=T ) ®NGES*NG )= ]
| ::. 00 250 WU16,JG6)=0. . Tl et
} $1. gg CALL MATINVIRINVILA®1) NGES,NGES) =
s o0 1F (NBLLOJNBLK) RETURN ]
‘ H : 00 260 121,N6ES
oo go 00 260 J=I,NOP .
e o RINVIILCetJ=1)IeNGES*])=0, ‘.
63, go 2¢0 2°u26° e i s :‘
& o p i :I:::LS:N-HONSESOI):alnvlucouq;.NGES’H- y
6% on c """'!'Jt“:l;;';:g:;::muuvuou.l-lnus:sun :
::' 00 € RESI10UAL POS1ITION roac:ot:es: :2:235:503::':58:“'“ T o
3 G u T e
. g gg g :E‘::Sg:h POS1TION, HOMOGENEOUS B.C,°S ARF Assw;olgv::suaz;z. 9
. Ly - JL-“G THE YOP OF TME PRESENT SUBREGION NB . ]
0. 00 N ;
: 60 10 1
. 1. 00 END e :‘
. ]
2 b
4
4
]
-
™ 22 ]
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2¢
3.
L
Se
be
Te
8
9.
10.
11.
12
13.
14,
15
16.
17.
18,
19.
20.
21
22.
23.
28,
256
260
27.
28,
29.
3c.
31,
32.
33,
34,
35,
36,
37.
38.
39.
A0,
81,
82,
83,
L LY
45,
LT T
87,
LI
L1
5C.
51.
52.
$3.
S4.
55,
56,
57.
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o1
00
00
o0
00
o0
00
00
o0
00
00
00
00
+]]
00
o0

00
00
00
00
00
ol
00
00
00
00
00
00
00
00
[+]]
00
00
00
+]]
00
00
o0
00
00
00
00
00
o0
[+ o]
00
00
oo
00
00
00

00
00
00
o0

118

10
150

200
201

VERSION 2
(continued)

SUBRDUTINE NORIAX,AY BB CXCY RINV,RINV]I,DUND,DUM]L,DUMN2,F ,H,X,
IRECURILFT  ARGY ,JGES ¢ JOES  ICHK g JCHK ¢NEV 4L INK JNLINK ¢ 1E MO ND,M2,
A N2 ,NBLK,NBLK]L,MXES,Li,L2)

DIMENSION AXUIM2,N2) oAYIM2,N2) (BBINZ,N2)4CXIM2,N2),CYIN2,N2),
A RINVIL)RINVII]),RECURIND ND)HIND,ND),

B ILFYUIND) IRGYIND)JLLUINBLK) ,L2INBLKL)26ES IMNXGS,NBLK),
C JOGESIMXGS (NBLK) o CHNIMXGS ¢NBLK) g JCHXINXGS yNBLK) ,NEVINBLK),
0O LINKI®2,NBLK]1) NLINKINBLK]1),JEINBLK)

D1IMENSION DUMDIM2 (NBLKL) qDUMLIMXGS) yDUM2IMXGS) FIM2,N2) XIMND,ND)

COMMON/BSM/ATITGALINE (BIT,BLINE 2THAX

Jszl

00 150 NB=1,NBLK

LCSL2ENB)

JFZIEENB) =2

00 10S JZJS,JF

ILZILFT(Je2) -]

IRTIRGTIJe2)~]

00 IC5 1:21L,1R

N(10) g Je2)ZRECURITI®L1 1 JO2)SIF I J)=AXI],J)0XI1,J¢)1)=AY(],J)s
A XU1014J)=BBIY JIXI14],Ued)=CXI],JIXN1]02,09]))/CY (2, )00,
B RECURII®1,J02))8X(1¢]1,J¢2)

IF (NB.EQ.NBLK) &O TO 150

NGES=NEVINE)

0D 11S NZ1,NGES

IZ1CHKINGNEB) -]

JEJCHKINGNR) =]

DUMLINIZF (T 4 J)=AXIT4J) X1 ,4Je))=AYI],J)eXN(]0]1,J)=-BB11,J)¢
A XU101,J00)=CXU] U)X (102,.0¢1)=CYULyJItX(]e),ue2)

NOPZNLINKINB)

JZ1E INB)

00 120 NZ1,NOP

DUM2IN)I=D,

00 118 MZ1,NGES

OUM2INIZDUM2 IN)*DUMI IM)ISRINVIILCS IN=1)ONGESeN)

MZLINK INgNB)

121CHKIN,NB)

DUMDINNB)IZXI1],J)

XML yJIZXU]T4J)=-DUN2IN)

JSZ1E INB)

00 370 NB1Z1,NBLK

NB=NBLK=NRAle]

Js=1

1F (NBeNEo1) JUSSIEINB-1)

JFZIEINB)~2

LASLI(NB)

LBZL2INB~1)

NGES=NEVINB)

1F INB.EO.NBLK) 60 70 2D1

JZ1EINB)

NOPZNLINKINB)

00 200 NZ1,NDP

MLINKINNB)

JZICHKIN,NB)

X13,J)OUNCIN,NB)

CONTINUE

NZ1EINB)

00 202 JZJS,N

23

ol M 5
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VERSION 2

(continued)
58, 0o 00 202 I1Z1,M0
59, 00 202 H{I,J)20.
60, 00 00 210 N=1,NGES
61. 00 ISICHK{N,NB)=]
620 0o JSJCHK ENyNR) =]
63e 0o 210 OUMLINISFIT J)=AX(TJ)eX{T Jeld=AY{T,JdeX{le],J)=-BBil,J)s
[ 1Y (+]+] A X103 o) d=CRIT )X {T02,U01)=CY T JI0Xi]]l,U*2)
8Se 00 * 00 220 NZ1.NGES
6. 00 OUNZINI =0,
67, 0o 00 218 M=1,NGES
68 (+]+] 218 OUMZ2INIZOUMZIN)*OUMLIINMISRINVILA®IN=1)ONGES*NM)
69, 00 T=IGESIN,NR)
TCe oo J=JGFSIN,NB)
Tie Qo HIT,JI=0UM2IN)
T2. Qo 240 XET4JIXTT4J)e0QUM2IN)
13. 00 IF (NB.EQ.1) GO TO 250
Te. 00 00 222 N=1,MX6S
5. 00 222 OUM1IN)I=0.
Tée oo NOPZNLINK{NB=1)
7. 00 J=Js
Té. a0 00 230 N=1,NOP
79. co MZLINK (N NB=1)
G, 03 TZICHK (M, NR=1)
81. 0o 270 OUMIIMIZHIT,Je1)8CYiT-1,d-1)
82. [v] 4 C WHEN BOUNDARY IS IRREGULAR, THERE IS SOME WASTEQ CALCULATION HERE IN
83, 0o € ORDER TO AVLIO LOGICAL OECISIONS OR EXTRA STORAGE (WNGES COULD BE
B4, 00 € REPLACED BY NLINK({NB))
LE¥Y oo NGES=NEVINB-1)
86. 00 00 280 N=1,NOP
8T, 00 Qum2iINd=n,
8. 00 00 238 MZ1,NGES
89, 0o 238 OUM2INIZOUM2INDI*OUMLIMISRINVIILB*IN=L1)SNGES*M)
90. 0o MZLINK{N,NB=1)
9. 00 280 HITCHKIM NB=1) ,JCHK {M,NB=1))=0UM2Z2{N}
92. 00 2°0 00 300 J=JS,JF
93, on TLZILFT(Je2) =1
Su. 00 IRZIRGT(J2) =)
9Se 00 00 300 I=IL,IR
96 0o QUMIIT)ICS=RECURIT®1 4J*218{AXIT JISH{T Jol)eAY (T JIsH{I),J)
97, 00 A BBUIT,JIOHIT414Jo2}oCXIToJ)eHIT2,J¢1))/CYIT J)
98. 00 HiT01,J¢2)=DUMLIT )¢ (2.~RECURIT*1,J*2))8H{T],J*2)
99, 00 3C0 X{TedyJe2)=XiTed,Je2)e0UNLIT)
0. 00 ENO
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3.
Qe

s.
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Te

[ X3

9.
10.
1l
120
13.
18
1S.
16
17«
18.
19.
20.
21.
22
2!.
FL D
ZSI
26.
27.
2‘.
29.
30.
!1.
32.
!1.
.
3S.
36
37.
!‘.
39.
a].
4l.
842
§3.
L1 1Y
4S.
LIS
47.
48.
49
SO
Sle
S$2e¢
S$3.
Sk
$Se
S6.
$7.
S8,
s'.
60.
6le
62
63,
64,
6S.
660
67.
6‘.
69.
70.
1.
T2,
73,
T8,
75
T6.
T7e
T8,
79.
80.
8l.
82.
83,

e . T T T e A g - - g

VERSION 2
(continued)

SUBROUTINE YOPOLIRECUR ¢ILFT JRGT,1GES ¢ JGES o TCHK g JCHK (NEV 4LINK
INLINK.NTVPE.IE.N.N.Hl.Nl.HZ.NBLI.NBLKI.NXGS.LIvL?'LDI.LOZ)
DIMENSION RECURIM,N), JLFTIN) JRGVIND o, JIGESIMXGS,NBLK),
A JGESUMXGS NBLK) o 1CHK EHXGS JNBLK ) JCHNEMXGS ¢NBLK D) ¢NEVINBLK),
BLINK (M2 ,NBLKT ) yNLINKINBLK L) NTYPEIM NI, TEINBLRDI,L1IINBLYD L2INBLKY)Y
00 1D Jz2,N)

120

127+1}

IF INTYPERY qJIONTYPE 1] 4J=T1),E0.0.ANDeT.LYo"]1) 60 TO 2
ILFTe02Y

I=m

1=1-1}

IF INTYPE(T GJIONTYPE(] ¢J=10eFQeDeANDeT«ETe1) 6O TO &
IR6TELJI=T

IR6TL1)=2

ILFTL122

ILFTINIZ2

IRGTINIZ2

DO 15 J=2,N1

IF (ILFTIJDLLEIR6TIJI) 60 TO 15

IRGTLIIZ2

ILFTLUIZ2

CONTINUE

JHINZ2

MXLNKZD

L1411=0

L2¢11=0

0O 100 NBZ) NSLK

NGES=D

NCHK=D

JMAXZTEINB )

DO aD 122,m)

NHENTYPELT JNIN=-T)

NUSNTYPEL T JMIN)D

DO 40 JSJMIN,JNAX

NLSNM

LLEL]Y

RECURIT JIZNNM

IF UINL.EO.D)Y RECURITJIZ0.

NUSNTYPELL ,J* L)

IF INN.FO.D) 60 YO &0

IF INLoEO«1oANDeJoNESJMINY 60 YO 20

NGESTNGES 1

IF INGES.GT.MXES) 60 ¥0 200

IGESINGES NBIZT

JEESINGESNBYZJ

IF INUEQs 1 AND.J.NE.JNAXY 60 TO &0

NCHKZNCHK 1

JCHK ENCHK gNB 22T

JCHK ENCHK 4 NBYZY

CONTINUE

NEVINB)IZNGES

IF INB.EO.NBLK) 60 TO 100

NLNKZD

00 80 K=3,NGES

ISICHKIK (N8

JEJCHK LK N8B )

IF INTYPEUT,J*13).EQ.0) 60 TO 80

NLNKZNLNKe])

LINKUMLNK ¢NBYZK

CONTINUE

NLINKINB )=NLNK

MXLNKZMAXIEMXLNK ¢NLNKSONGES)

L1INB+L)ZLLINB)ONGESee2

IF INB NESNBLK1) L2INB*IISL2INB)I*NGESONLNK
LRINVISL2(NB)YONGE SONLNK

JHINZYMAXe]

IF MYLNK.GT.NGES®NGES, YHERE IS SOME WASTED STORAGE THAT IS VERY
C OIFFICULY TO PROGRAM AROUND, BECAUSE OF THE DUAL ROLE OF YHE LAST
BLOCK OF RINYV, WHICH 1S USED AS A SCRATCH AREA FOR RINV) DATA,.

LRINVIL JENRLK ) oMAXDIMXLNK NGES®92)
WRITECE,1S0) LRINV,LRINY]

153 FORMATISSH DIMENSIONS REOUIRED FOR RINV AND RINV] ARE LDl, LD? = ]
A1S¢2X,1S,1M./7124H IF ETTHER INPUT VALUE LO) OR D2 1S TOO SMALL, T
BHE COMPUTATION IS WALTED WERE, AND THE USER MUST INCREASE LD) ANO/
COR LD2 T0/22H THE INDICATED VALUES,)

1F tALDLeL TLLRINV)ILOP, ILD2.LT.LRINY1ID) SIOP
RETUPN
WRITEN6,202)

202 FORPMATIS2H DIMENSION PARAMETER MXGS IS 700 SMALL FOR SPECIFIED TOP
AOGRAPHY AND SUBREGION SPECIFICATION.)

StoP
EnD
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l.
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L}

Se

6.

,.

8.

9.
10.
11.
12.
13.
D)
]5.
16¢
17.
18,
19.
20.
2].
22,
23
24,
25.
26.
2’.
28.
29
sa.
!].
32.
33.
4.
35.
3‘.
,1.

00
00
00
00
00
00
']}
0o
00
00
00
00
00
00
00
00
00
oo
00
00
00

VERSION 2
(continued)

SUBROUTINE MATINV(B N M)
DIMENSION BIN,3),B1€100),B2€100)
nizm-y

00 110 I=1,m]
81141)123.7B11,1)
8t1.,1121.0

00 1312 J=l.m
B(l,J)zBtI,JIeB1(])
IP1z]e]

00 120 11=1IP1,N
B14I1)=BII1, 1)

00 125 1131P1,M
8t11,10=0.

00 127 JzlM
82(u12811,J)

00 135 I1zIP1,n

DO 135 Jz1,n
BII1,J)28011,J0-81(11)eB2(J)
CONTINUVE

B111)=1./B1INN)
Bim,M)=],

00 180 JS1,.M
BUIMJIZBIN,J)OR1LY)

00 153 I=2,.n

00 155 12:21,1
B1€12128112, 1)

Inizl-1

00 156 1221,In
8112,11:0,

00 157 J=1,m
821J1zB(11,J)

In3zl-1

00 160 12=1,1In1

00 160 JZ1,40
BU12,J)ZB(12,J)-81112)¢B2(J)
CONTINUE

End
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8.
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10.
11,
12.
13.
1,
18.
16e
17.
16.
19,
20,
21,
22,
23.
2%
. 2%
b’. 26
b 27,
28,

29

30.

- 3.
3z,

33.

5 34,

i 35,

h 36

“ 37.
38.
39.
80,
8T
82
a3

3 L1
8S.

F! 86
. 7.
8.

49,

S0.

Sle

$2.

s $3.

4 Sk,
$Se

s‘.

STe

d
(
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01

00
on
00
00
00
00
00
00
00
00
00
00
Go
00
00
[]]
oo
00
00
00
00
00
00
00
00
o0
on
oo
00
00
0o
00
00
00
00
oo
on
00
00
oo
00
oo
01
00
00
00
00
00
00
00
00
00

00
00

[ N N N N Na N aNaNaNaNaleleNe e Nl

VERSION 3

PROGRAM JAYNOR{INPUT,OUTPUT,TAPESZINPUT,TAPEG=OUTPUT)
COMMON/ZSEVP/ZAXIT 090 oAYIT 90, BBIT,9),CXUT7,90,007,9),F17,9),

A RECURID,I1),RINVISB8) RINVI(308),0UMDI38,2),0URT(IN),

B OUMZUTI4) XIO,I1T0,HI9,1T),ERRIO,130,XX19,13),ILFT(11),

C IRGYIITI IGESITO,3) o GESITN 30 ICHNITN,3) qJCHK(T4,30,NEVID),
D LINKIT?,20 NLINKE2) NTYPEI® o110, TEC3)LT130,L212)

OATA MoN,MXGS,NBLKLOT4L02/9,11,14,3,508,308/

OATA JE/8,7,10/

OTETRICH®S MOOIFIED MADALA SOLVER, VERSION 3.
THIS VERSION IS IDENTICAL TO VEPSION 2, EXCEPY
CY HAS BEEN ELIMINATED. (BY OIVIOING THROUGH THE ELLIPTIC EQUATION
8Y THE COEFFICIENT OF X(Jel,Je2), THE USER CAN USUALLY GET THIS FORM
IN A STRAIGHTFORMARD MANNERe IF THIS COEFFICIENT VANISHES NEAR UPPER
J-BOUNDARIES, A MOOIFIEO FORPM OF THIS VERSION, IN WHICH THE RESIOUAL
CALCULATION AT THE CORRESPONDING ERROR POINTS 1S MOOIFIED, WOULD BE
USEFULG)
EQUATION TO BE SOLVED IS
NTYPE(1e1loJeT) & (AX{IJ) @ XUIgJe)) ¢ CXUT4J) ® X(Je2,0¢1)
¢ AY(I,J) ® XU(1eT,J) o Xilel,J02))
¢ (2 = NTIYPE(Te]l,Je1)) @ BRIl J) ® X{]e),Je))
T2 % (1 = NTIYPE(Tel,Jel)) ® BBIT,J) & X(Iel,Je¢])
¢ NTYPE(TIel,del) @ FllyJddy (0IZ09Tseae9M=30,0J200T000eeN=10)

WHERE TER™S OUTSIOE OIMENSION BOUYOS ARE INTERPRETED AS ZERO®*S.
THUS, IF NTYPEWI,J020, X1T1,J) IS LEFT UNCHANGED.

Mizmey

NISN=-1

M2zM=2

N2:N=2

NBLKIZNBLK=]

00 80 J=1,N

00 80 I=1,m

(24 NTYPE(]1,J0=0.
00 90 Jz2,N1
00 90 122,m)

(14 NTYPE(I,J021
00 2000 JC=2,N1)
00 2000 IC=2,mM1
NTIYPEIIC,JC)=0D
NIYPEIIC-1,JC)20
NTYPEC(ICe1,JC020
NIYPEIIC,JC=1120
NTYPEIIC,J4Ce1)20
WRITE16,92) (INTYPELI 4JU)yIZT1,M)4J21,N)

92 FORMATIIOX,911)
CALL TOPOLIRECUR ,JLFT,IRGT 4IGES ¢JGES ¢ICHK JCHN ¢NEV,LINK NLINK,
A NTYPELIE oMoNoMI o N] M2,NBLK NBLKI,MXES,LI¢L2,4L0T,L02!?
00 100 J=),N2
00 100 I=14m2
AXU1,J021,¢.010011-0)002
CXU)oJIZle=eDI®(T=0)092
AY(19J0121e.010(U=5)002
BBl yJICU=AX{T o J)=AYI],4J)=CXIT4J0e,D101J=5)902=T,1)/7{1e=s0101J=5)
Ave2)

100 CONTINUE

DENORZ{,250MON) 092
00 170 J=1oN
00 170 13140
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58,
$9.
60.
6l.
62,
63,
(11
6S.
66.
67,
6'.
69,
70.
.
2.
73.
T4,
75.
6.
7.
7‘.
79,
ao.
81.
82,
e3.
L
as.
L'
.
88.
89,
90.
91.
92.
93.
%4,
95.
96,
97,
’..
9.
100.
101.
102.
103.
104,
105,
106.
107,
108.
109.
110.
111.
112.
113,
11a6,
115,
116,
117.
118.
119.
120.
121.

00
00
00
00
0o
00

00
[+]
00
00
00

[+]o}
00
01

00
00

[+]
0o
[+]
00
00
on
01

00
00
00
00
[+]
0o
00
00
00
00
00
00
00
00
00
00
00
00
00
00
ao
00
00
0o
00
00
00
00
00
02
00
00
00
0o
00
00
02
00
00
co
on

VERSION 3
(continued)

XGlgdIZi1=340001-MD0) 1,00 (J=N)/0ENON
XXCLoJIEXMLoJIO(1e=NTYPED] 4 U))
170 CONTINUE
FSUNZ=0,
00 171 J=2,.N1
LzJ-1
00 171 1=2,m)
Ks)-1
FIKQLISAXIK GLIOXD) qJDeAYIK LISXDIL L DeCXIK,LIOX (L] pJ)e
A XU14J*1)eBBIK LIOXIL,J)
171 FSUMZFSUMABSIFIK,L)?
FSUM=M2ON2/FSUN
TO=SECONDITIM)
CALL JAYDIAX AY BB ,CXsRINV,RINV]IH,RECURILFT ,IRGTY 41GESJGES,
AJCHK ¢ JCHK g NEV oL INK oNLINK ¢ NTYPE o JE oM N M2 (N2, NBLK(NBLK] ,MXGSoL1oL2)
TINSUNZO.
00 181 J=24N1
00 181 1:2,m1
01I=1,J=191=Fll=1,44"1)
11 Xel,J4720.
ALINEZ=O,
TO=SECONOITIN)
CALL NORDIAX AY BBoCXgRINV,RINV]I,OUMO,0UMN],0UNM2,0,H XX, RECUR,
A JLFT o IRGT1GESJGESoICHK g JCHK ¢NEV 4 LINK gNLINK LE oMgN M2, N2, NBLK,
B NBLK]1,MXGS,L1,L2)
00 990 J=24N1
00 990 1=2,m)
960 X)1,JI=XD)eJdeXXil,ed)
00 991 J=1N
00 991 12140
9% XXt1,J020,
00 992 J=2,4N1
LzJ-1
00 992 1:=2,m1
Kz)-1
992 OIK,LISFIKGLI=AYIKGLIOXI)oJ=))=AXIK LIOX(]=1,J)=BOIK,LIOX(],J)~
A CXIK LIOXELe)yJD=X1l,yJel)
100 CONTINUE
9LS FORMATIIX,1P1SEBLY)
ERSUMZO,
00 T80 1=2,4m1
Kzl-1
00 780 J=24N1
LzJ=}
ERRIL yJISFINGLI=AYIKGLIOX () oJ=1D=AXIK LIOX(]=]1,J)=8B(K,L)®
A XE)leJ)=CXUIKGLIOX (L), J)=XM1],Je))
ERRILLJIZERRI] yJICNTYPE (] ,J)
ERSUMZERSUMCABSIERR(],J))
T80 ERRI1,JIZERRILyuDIOFSUNM
ERSUMCERSUMSFSUN/IM20N2)
WR1TE(6,908)
9Ls FORMATI/40X,20HNORMALLI2ED RESIOUALS)
00 762 1:z2,4m1
WRITEG6,905IERRIL 4J)Js2,N1)
782 CONTINUE
WRITE(6,908) ERSUM
9C6 FORMAT(/37H MEAN ABSOLUTE NORMALIZED RESIOUAL = ,1PE9,.2)
IF JERSUM,GT.leE=8) STOP
1F (1CeNEL2) NTYPEDLIC-1,J4C)2)
IF (1CeNELML) NTYPE(LCeL,uCI2)
1F (JCeNEL2) NTYPE(IC,JC=-1)2)
IF 4JCeNEWN]) NTIYPE(1C,JCe1)2)
200 NYYPE(1C,JC)2)
[4.14]

28

T P ST T BT T PRI

‘.

g e ;m:;' L

{
i

i

PO TR |

g s

X s

dtazaad




TR n = i e e e - T s S A Sl Rl ek s e ——— s ——— p— T——

VERSION 3

(continued)
le 01 SUBROUTINE JAYUIAX AV BB ,CX RINV,RINVI N,RECUR,ILFT,
2. 00 11RGT416ES yJGES e 1CHN qUCHK gNEV oLINK yNLINK yNTYPE o 1EoMDoNDyM2,N2,
3. 00 A NBLX(NBLK1,MXGS,L1,L2}
., 00 DIMENSION AX(M2,N2)oAYIN2,N2),BBIM2,N2),CX(M2,N2),
Se 00 A RINV)I1I,RINVI(]1),RECUP (M0 ,ND},H(MD,ND},
' 00 B ILFYU(ND? oIRGV(NDY oL1 (NBLN},L2(NBLN1)1GES(MXGS NBLX),
Te 00 C JGES(MAGS NELKD ¢ JCHX (MXGS ¢NBLX J o JCHX (MXGSoNBLKY ¢NEVINBLXD,
8. 00 O LINK(M2,NBLX]1),NLINK(NBLK1} ,NTYPEIMT,NO},JE (NBLK)
9. 00 JL=1
10. 00 LOSLA(NBLK)
11, 00 NB=D .
12. *1] 1C0 NB:=NB8e¢]}
13, 00 NGESZNEVINE)
1 14, 00 NGESI=NEVINB=1)
| 154 00 LASLY(NB)
; 1o 00 LBSL2¢NB=-1)
o 17. 00 LCSL2(NB)
1 18, 00 JHZIE(NB)
. 19 00 JHPZUHe]
‘ e 2. 00 JHNZJH=2 ]
9 <ie on 00 253 NG=1,NGES
| 22. 00 I6S1GESINGINB )
k. 23. 00 JGSIGES (NG oNB)
§ I 00 JFZUG-]
25, c0 00 210 JZJL,JHP
L. 26, o0 00 210 I=1,M0
1 27. 00 210 H(1,J12C.
L 28. 00 H(164J61=1 0
q-‘ - 29. 00 1F JJUF.GT.JHM) 60 10 228
30. 00 1F INTYPE(16,JF}.EQeD) 60 TO 220 :
4 3. 00 NOPZNLINK)INB=1)
3 32. [+],] 00 214 NZ1,NOP
33, 00 MILINKINGNE=1]}
: 34, ob IF (ICHN (M NR=1D,E0.IGeANOJCHN (N NB=1),EQ.JF}) 60 TO 218
4 35, 00 216 CONTINUE
d 36, 00 215 00 218 NZ]1.NOP
- 37, co LZLINKINyNB=1}
: b 38, 00 218 HOICHK(LoNB=1)4JFIZRINVIILBeIN-1)ONGESIeN)
'c 39, 00 220 00 225 J=JF JHN .
L %0, 00 ILZILFT)Se2) =]
8. 00 1IRZINGT(Je2) =]
.2, G0 222 D0 225 1ZIL,1R
.3, 00 225 M(101,J021-RECURI1],J¢210(AXITJIOH)T Jel)eAYIT JIoH(To1,J)e
.., 00 A BBII,JIOHITOL,U01)eCX)T,JIOH)102,0¢1))
as, 00 228 DO 230 NC=1,NGES
86, 00 1STCHK INC ,NB )=
s .7, 00 JZJICHRINC,NB) =1
8. 00 230 RINVILACINC-1)ONGESONGIZAXIL g JIOHIT el )eAY(1,JION(101,J1¢BBI],J}e
E "9, 00 A H(Tel,UeTdeCAIT,0)0H)T02,deT) ¢
S0. 1]} 1F (NB.EO.NBLK} 60O TO 250
Sle 00 MOPZNLINKINB)
$2. 00 JZ1EINB)
f.- S3. 00 D0 28C NZ1.NOP
F S8, 00 MILINKINGNB)
i $S,. 00 280 RINVILOCIN=1)ONGESENGIZHITCHX (M NB), I}
S6e o0 20 H(I6,JG)=De
e~ $7. 00 CALL MATINV(RINVILA®1) ,NGES,NGES)
LT 00 IF INB.EO.NBLX) RETURN f
4 $9. 00 00 260 IS1.NGES
4 60, 00 00 26D J=1,.NOP
4 6l 00 RINVIELCO(JI-TIONGES*T)=0.
3 62 00 00 260 X=1,NGES
1 63 00 260 RINVIILCe)JI-11ONGESOIIZRINVI(LCOII=1)ONGESe1)~
b TH 00 A RINVILA®IK=3)ONGESOTIORINVILD ¢ (J=1)ONGESeX)
1 S, 00 € RINVIG1,JoN8) IS THE °**ALMOST HOMOGENEOUS®® SOLUIION AT THE J=TH OPEN
E: 66, 00 ¢ RESIOUAL POSITION FORCED BY A RESIOUAL VALUE QF 1 AT THE I-TH
e 7. 00 € RESIDUAL POSITIONe HOMOGENEOUS BeCe'S ARE ASSUMED EVERYWHERE, /
1 68, 00 € INCLUOING THE TOP OF TME PRESENT SUBREGION NB.
9. co JLZUH -
70. 00 60 10 100
7. 00 END
e !
4
R o 29 i
< ’




T
.

' RO N

LRI A e i s e o

a

‘u'

P T Y e Y

1.
2e
3.
L3
Se
b
e
[ 3

lo.
11
12¢
l’.
18,
!s.
l&.
17.
18.
19
20.
21.
22.
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24,
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27,
2‘.
29.
3Ce
3‘.
32.
33,
LI
35.
Jo.
37.
3..
3’.
.u.
8l
.2.
83,
ak,
84S,
86,
a7,
48,
89,
S0,
Sie
sz.
S’.
Sa,
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Sbe
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118

118

120
150

20
201

VERSION 3
(continued)

SUBROUTINE NOR(AX (AY (BB ,CXRINVRINVEIDUMD,0UNI OUHZ FoHoX,
IRECURGILFToIRET16ES,UGES, 1CHK ¢ JCHK (NEV (LINK ¢NLINK 1€ ,MO,ND M2,
A N2 NBLK,NBLK] ¢MXGSL1,L2)

OIMENSION AXIMZ,N2),AYIM2,N2),8B(M2,N2),CXIM2,N2),

A RINVIII,RINVICLI),RECURING,ND),HIND,NDY,

B ILFTIND)IRGTINDI,LIONBLKY L2INBLKIY IGESIMXGS,NBLK),

C JBESIMXGS yNBLK I ¢JCHKIMXGS ¢NBLK ) g JCHK(MXGS ¢NBLK ) ¢NEVINBLK Y,
O LINK(M2,NBLKI},NLINKINBLKI)¢3EINBLKY

OIMENSION OUMDIMZ,NBLKI) OUMIIMXGSY JOUM2IMXGS ) ¢FIM2,N2) X IMD,ND?

4521

00 150 NB=1,NBLK

LCSL2(NB)Y

JFIIE(NBY-2

00 IDS J=2JS,JF

ILZILFY(Je2) -1

IR=IRET(Je2) -1

00 I0S 1=IL.IR

X(1014Je2)ZRECURITICT U218 (FIT,J)=AXIT,U)X(T,Jel)=AY(],J0¢
A X(3e1,0)=BBIT,J1eX(T0,Jel)=CXUT JIOX(T02,S¢3)00 (0~
B RECUR(Io1,Je2100X (101,002

IF (NB.EQ.NBLK}) 60 TO IS0

NGESSNEVING)

D0 115 N=1,NGES

ISICHKIN,NB) -]

JIJUCHKIN,NB) =]

DUMIINIZF T qUI=AXITqJIOX(T,J410=AVIT,UteX(T0],J1-8B(T,J1e
A X(101,Je10=CXUIoUION(102,J01)=X 101,002}

NOPZNLINKINB)

JIIEINS)

00 120 N=1,NOP

Oum2tNI=0,

00 118 MS1,NGES

DUM2(NIZOUM2INISDUMT(MISRINVI(LC e (N=T)ONGESeN)

MILINK (N (NB)

IZICHK (N NB)

OUMDIN,NBIZX (T, J)

X01,J05X(2,4)-0UN2IN)

JSZ1E4NB)

00 370 NB1=1,NBLK

NBSNBLK=NB1el

451

1F (NB.NEJI) JUSZIEINB-I)

JFZIE(NBY -2

LASLI(NB)

LBsL2(NB-1)

NGESZNEVINE)

IF (NB.ED.NBLK) 60 70 201

JZIEIND)

NOPZNLINK (NB)

00 200 N=1,NOP

MZLINKINGNB)

IZICHKIN,NR)

X01,J120UNCINGNB)

CONTINUE

NZ1E(NB)

00 202 JzJuS,N

00 202 131,M0
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VERSION 3
(continued) {
q
b
-
]
s8. oo 2€2 Wil,J(=0. 5
s9, 00 DD 210 N=1,NGES J
60, 0o I1ZICHK (NoNR) =] J
6l. 0o JTJCHK (N NB) =1
2. [+]¢] 210 DUMIINIZFUI J(=AXET,JOX(T 03 =AV(T J(oX(12],J(=BB(I,J(® i
63, 0o A XG101,Je)(=CXUl, (0N {Te2,J02(=X(101, 0021
(T [+]¢] DO 220 N=1,NGES
S, oo DUM2(N)I=D.
66 co DO 238 M=1,NGES |‘
(3 9 00 218 DUM2INIZOUM2(NDIDUMLIMISRINVILAS(N=1)oNGESeM)
68, oo ISIGESIN,NB 1
6. 00 JTJIGESI(N,NB) R
0. (] ¢] H(T,J(=DUM2(N) 1
7. 0o 220 X(14JU=X{1,J0¢0UM2(N) 1
72. (<[] IF INB.EQ.1) 6D YO 250 R
73. 0o DD 222 NZ1,MXGS
Tue oo 272 DUMLIINIZO, A
5. (] ¢] NOP=NLINK(NB=1) 'J
Té6o [+]¢] JsJs
77. 0o DO 230 N=1,NOP :
78. 0o RZLINK(NGNB=1)
79. 0o T:ICHK (M NB=1)
80. oo 20 DuUMIIMIZHIT,Jel(
81. (<] C WHEN POUNDARY 1S JRREGULAR, THERE 1S SOME WASTED CALCULATIDN HERE IN -
82, [e] ] C DORDER TO AVL1D LDGICAL DECISIDNS OR EXTRA STORAGE (NGES COULD BE
83, 00 C REPLACED BY NLINK{NB()
.I'NS oo NGESSNEVINB=1) -
8S. oo DD 280 N=}1NDP
86 (¢]¢] DUM2INI=D.
87. [+ ]¢] DD 238 M=1,NGES
88. [e]¢] 238 DUM2IN(=DUM2(N)+DUMLIMISRINVI(LB*(N-1(ONGESeN)
89, ][] MILINK(NyNB=1(
90. (e]¢] 280 H{JCHK(MyNB=1) yJCHK (M ,NB=1)(ZDUM2(N)
91, 0o 2%0 00 30D J=JS,JF
92, 0o ILZILFY (Je2(~]
3. oo IRTIRGTY (Je2) -]
9%. oo DD 300 1I1L,IR
9s. 00 DUMLI1IZ=RECURITI®]L g Je2)00ANIT o JIOHITyUe AT JUOH (T o), J0(0
%. [+]¢] A BBIToJIOHI141,J010eCXI1,J)0H(Te2,J00(
”. 00 HUT01,J02)2DUMIIT(+(1e=RECURIL®L U020 (0HI10L, 021
98. 0o 3C0 X(JelyJe24zx(le),0+2(°0UML(1)
99, o0 £ND . i
.1
i
<
I A
4
!
i
;
L]

|
. o
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E .
4 2.

o s'
3 LY
B Se
‘.

7.

b 8¢
9.
10.
11.
12.
'3.
18,
ls.
'b.
17.
18.
19.
20.
zl.
22.
23,
24,
zs.
260
27,
23.
29.
so.
3.
32.
33.
3a,
35,
36,
37.
35.
39.
.o.
8l.
82,
L} 1Y
84,
835,
LI 1Y
87,
L1
.9.
50.
S1e
$2.
53.
Sa.
SSe
Sée
$7.

5‘.
$S9e
60.
6.
62
63,
68,
‘s.
(10
6.
8.
9.
T0.
T1.
T2,
73,
Tae
75,

7'.
78,
79.
.o.
1.
82,
83.

|
E
F
|
L
E

h.I.IIIIIIIIIIlIIlIlll;l-l.-l-l-I---l--;--;--n--n-r—~ il s i i i e ]

10

1s

20

100

150

20

202

IF MYLNK.GT.NGESONGES, THERE IS SOME WASIEQ STORAGE THAT I5 VERY
DIFFICULT 10 PROGRAM AROUNO, BECAUSE OF THE DUAL ROLE OF THE LAST 3
BLOCK OF RINV, WHICH IS USED AS A SCRATCH AREA FOR RINV]I DATA.

—_—— o e ——— - or -

VERSION 3
(continued)

SUBROUTINE TOPOLURECUR ILFT oIRGT ¢IGES ¢JBES e TCHK ¢ JCHK ¢NEV4LINK
INLINK NTYPE o TE gMoNoMI oN] g M2 NBLK gNBLK]I o MXGSoL2yL2,LD2,LD2¢
DIMENSION RECURIM,N(, JLFTENC,IRGTEIND o TGESIMXGS ¢NBLK Y, i
A JGESIMXGS ¢NBLKCoTCHK CMAGS ¢NBLK € ¢ JCHK (MXGS ¢NBLK € ¢NEV ENBLKC, ‘
BLINKEM2  NBLK 1) gNLINKOENBLKL CoNTYPE (Mo NEoTECNBLKE,LTENBLKE,L2¢NBLK])

00 10 J=2,N}

10

I1=1+1

IF INTYPE(T o JIONTYPEC] 4J=1¢oE0eDeANDTsLT . M1) 60 TO 2

InFroazy

=M -
I1=1- ]
IF INTYPECT JISNTYPE(T J=1(.E0.0.ANDeT,6T,1) 60 TO & ‘
IRGTeJ(=T

IRGTC1¢22

ILFTE2e=2

ILFTINEZ2

IRGTINEZ2

00 15 Js=2,N1

IF CILFT(JI.LE.IRGTCJIC GO TO 1S
IR6TCJCZ2

ILFTe0=2

CONTINUE

JMINZ2

MXLNKZD

L101¢20

L2¢1¢=9

00 100 NB=]1,NBLK

NGES=D

NCHK =D

JHAXZTE ¢NB)

00 40 1:=2,M}

NMINTYPEGTJNIN-D)

NUSNTYPECI JJMING

00 40 JZJUMIN,JMAX

NLSNM

NMZNU

RECURET,J(=NM

IF INL.EO,Dt RECUR(TI J(=D, -
NUSNTYPE(T,J21¢

IF (NM.E0.0) 60 Y0 &D

IF (NLEOeleANDeJoNESUNIN) 60 TO 20
NGESSNGES*]

IF (NGES.GT.MXES¢ 60 Y0 200
IGESUINGESNB)ZT

JGES(NGES ,NB)=J

IF (NU.EOeleANDeJoNEsUMAX) 6O 10 &0
NCHK=NCHKe]

TICHNENCHK  NB ) ST

JCHK ENCHK G NB ) =Y

CONTINUE

NEVINB)IZNGES

IF OINB,EO.NBLK) 60 10 100

NLNK =D

00 BD K=1,NGES

ISICHKR (K ¢NB)

JSJCHK IK yNB )

IF (INTYPE(1,J+1)e£0.0) 60 TO 80
NLNKSNLNK ]

LINKENLNK o NB)ZK

CONTINUE

MLINKENB ) SNLNK

MXLNKZMAXDCMXLNK s NLNKONGES )
L1IINRAT)IZLTICNBIOINGESSS2

IF ENBoNEJNBLXI) L2(NB+](ZL2IND)ISNGESONLNK
LRINVIZL2INB) *NGESONLNK

JHINZJMAXe]

‘
3
1
1

T R R NP YT o G gy e ey

U R o W TN |

LRINVIL)ENBLK ) *MAND(MXLNK (NGES®82)

WRITEC6,150¢ LPINV,LRINV]

FOPMATISSH DINENSIONS REOUIRED FOR RINV AND RINVI ARE LO1, LD2 =
ATSe2%,15,1H/7128H IF E1THER INPUT VALUE LOI OR LO2 1S T0O0 SWALL, T
SHE COMPUTATION IS MALTED HERE, ANO THE USER MUST INCRLASE LO1 AND/
COR LD2 T0/22H THE INDICATED VALUES.)

IF GELOToLT.LRINV)ICO®,(LD2.LT.LRINV])) STOP

RETURN

WR1TE(6,202)

FOCMAT(92H DIMENSION PARAMETER MXGS IS TOO SMALL FOR SPECIFIED TOP
AOGRAPHY AND SUBRREGION SPECIFICATIONG!

stToP

END

poew 3
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ki
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LA

1.

3.

LI

Se

b

Te

8.

9.
10.
11.
12.
13.
16,
15.
166
17.
18.
19.
20
21.
22.
23,
24,
25,
26
27.
28,
29,
30.
31.
32.
33.
3a,
35,
36,
37.

oo
00
00
00
oo
00
oo
00
00
oo
0o
co
[+]s]
Go
2]}
00
00
oo
co
oo
[+]}
oo
00
oo
oo
00
co

11
110

180

T —

VERSION 3
(continued)

SUBROUTINE MATINVIB N,N)
DIMENSION B(N,1),B21100),82¢100)
NlzH-]

00 110 1=1,M1
Bli1121./811,1)
2il1,1121.0

00 112 J=1sm
Bll,J1=B11,J00B111)
1P121e}

00 120 11=1P31,"™
B14I1)=B111,1)

00 125 11Z1P3,™
81141120,

00 127 J=1.M
B21JIZBIl,J)

00 135 11:1P1,M

00 135 J=1.M
BUll4JISBII1,J)-B1i13)eB20 )
CONTINUE

Blil)=Z1./Bin.M)
BiM,MI=1,

0C 180 J=1 .M
B(M,JIZBIM,JIeB111)

00 150 I=2.M

00 155 12=1,1
B1112)2B112,1)

in1=1-1

00 156 12=1,1Im}
8612,1)=0.

00 157 J=1.M
B821J41=8(1,J)

1N121-}

00 160 12:231,1In}

00 160 J=1l.M
Bl12,J)2B112,J)-B1(12)eB21J)
CONTINUE

EnD
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VERSION 4

1o 00 PROGRAM MAIN(INPUT OUTPUT,TAPESZINPUT,TAPE6SOUTPUT)
2. 00 COMMON/SEVP/ZAXET49) dAYET D€ BBIT,9¢,CXIT,90,0(7,91,F(7,9¢, 1
3o o0 A RINVISS8) ,RINVII308),0UMBI18,2¢,0UN1t18(,
8. 00 B DUM2(14¢ X U910 MI®, 11¢,ERRID, T30 ,XX(9IC,ILFTCITL,
Se 00 € IRGTIIT)IGESEIN,3)oUGESEIN oIt ,ICHKEITA  SEyJCHKII8,3E,NEVLIC,
' 00 D LINKETo20 NLINKE2E NTYPELD, 1T €, JEE3¢,LIC3¢,0L2¢2)
Te 00 OATA M N MXGS NBLK,LOI,L02/9,11,18:3,588,308/ - -
8. 00 OATA IE/8,7,10/
9. 00 € OIETRICH®S MOOIFIED MAOALA SOLVER, VERSION &,
10. 00 € THIS VERSION IS IOENIICAL IO VERSION 3, EXCEPT
11, o0 € NO ISLANOS ARE ALLOVEO ANO IRREGULAR BOUNDARIES MUST BE SUCH THAT ALL
1 12. co € NONZERO NTYPE VALUES IN A GIVEN ROW MUST BE CONTIGUOUS, THEREBY
13, 0o € REQUIRING THAT THE RIGHMT AND LEFI BOUNDARY CURVES BE SINGLE VALUEOD
18, 00 € FUNCTIONS OF Y, THIS ELIMINATES THE NEEO FOR ARRAY RECUR AND b
! 15, 00 C ASSOCIATEO COMPUTATIONS, 4
' 16, 00 € EQUATION TO BE SOLVED IS D 4
L 17. 00 € NIYPE(101,J°1) & (AXGI Jt & XtIoJeTt @ CREI,J) ® X(Ie2,de1¢
18. 00 c o AYII,J) & XUIeT Jt o R(Iel,Je20
! 19. 0o c * (2 - NTYPE(I®1,uel(t @ BBII,Jl ® X(Ie),uel)
20. 00 c Z 2 8 (1 = NTYPE(Tel,Jel() @ 8BUI,J( @ Xtlel,Jel)
21, 00 c o NTYPEtTIel Jdelt @ Fildt, (€8I0, s00ceM=ItytJUs00loecesN=-1)t
22, 09 C WMERE IERMS OUTSIOE OIMENSION BOUNOS ARE INTERPRETEO AS 2ERO°S.
1 23, oo € THUS, TF NTYPE(I,J(=0s X(I,J¢ IS LEFT UNCHANGED,
L 28, o MIsH=}
2 25, 00 N1zN-}
260 co H2ZN=2 - =
1 217, 00 N2:N=2
] 28, 00 NBLK1ZNBLK=T ]
i 29, 00 D0 80 Jz=1,N
30. 00 00 80 1:=1,M 1
3. 00 8C NTYPE(I,J(=0.
02, 00 00 907 Jz2,N1
i 33, 00 00 90 1=2,M]
s, 00 9C  NTYPE(I,J(=)
:(3 3s. 01 NTYPE(2,3( NTYPE(2,8) yNTYPE(S 8 NTYPEL2,5(,NTYPE (3,5t NTYPE(2,6)
36 00 A =N
[ 37, oo WRITE(6,92) (INTYPE(T,U)oISIoME,US1,Nt 1
38. 00 92 FORMAI(IOX,9I1t
1 9. 02 CALL TOPOLCILFT,IRGT,IGES s JGESsICHK qJCHK ¢NEV oLINK ,NLINK,, ]
a0, o]} A NTYPEGTIE MoNoM1oN1oM2,NBLNyNBLK]¢MX6BSoL1,L2,L01,0L02¢
a1, 00 00 100 J=I,N2 i
2, 00 00 100 I=I,M2 ‘
a3, oo AX(T,J)21¢0,018¢1-0(802 -
! . 00 CX01,J0z1.-.018(I-0)082 o
(118 00 AY(1,0121.0,018(J-5(082
" LT' 00 BB ISt =AXIT qJ)=AYIT Jl=CXiTodlee0)0(U=-S(202=1,1)/(20=0o010¢J~51 -«
- a7, 00 Ave2y ]
§e 8. c0 106 CONIINUE 1
L .9, co DENO¥Z(,25oNeN) 082
| S0, 00 00 170 JZ1.N P
- S1. 00 00 170 I=I.M y
| 52, 00 X1, d1S(I=1o)0tI-NintJ=T1s)8(J=N)/0ENON 4
'® s3, 00 XXUT o IZRUI (et o=NTYPEL] I L .
Sa, 00 170 CONTINUE =
l 55, 00 FSUM=D.
S6e 60 00 171 Jz2,M1 3
I 87, oo LzJ-1
1
! o
i 1
¢ b
‘e j
>
r -
4
g A
| 1
' 3
¥,
'
A
L
1 Bt
P
» -y
; :
1 9
y
]
i‘..l'll.-l.l reSTR— et et S . By o == - J




s..
S9.
60.
‘1.
€2,
‘,.
(LY
6Se
6be
€7,
6B.
69,
10.
71,
T2e
13,
Tae
75.
76,
7.
18,
9.
0.
81.
':.
83.
LTS
8S.
86
A7.
88,
89,
’a.
,l.
’z.
93.
.
9S.
%.
97.
9e.
99.
xt‘o.
101.
102.
103.
10%.
10Se.
106«
107.
108.
109.
110.

09
oo
oo
02
09
[]¢]
co
oo
00
oo
oo
oo
02
oo
oo
oo
oo
oo
oo
]}
oo
oo
oo
oo
oo
oo
o?
00
0o
00
oo
03
oo
oo
(]}
092
oo
(] 4]
oo
oo
oo
0o
09
00
[+]¢]
09
oo
[+]]
o0

11

1e1

990

951

952

1to0
oS

T40

9 Cu

T2

9Ce

VERSION 4
(continued)

00 171 122,m}

Kz1-1
FIRGLUZAXIRGLIOXUT JJISAVIR L USX (I L eoCIK LUOXITOT ute
A XUl eldeRBUIK,LUISXII U

FSUMSFSUMSABSIF IR, L)L

FSUMZM2ON2/F SUM

TO=SECONDITINMY

CALL JAY(AX,AY (BB CXJRINV,RINVI M, ILFI,IRGY,IGESJGES,
AJCHK g JCHMK (NEV o LINK yNLINK qNTYPE g 1E oM oNy M2 N2 NBLK NBLKI MXGSoLTIoL21
TIMSUKZD.

00 181 Jz=2,NI

00 J8]1 IZ24M1

QtI=1,J=112F1]=14u-I1t

X11,J020.

ALINEZO,

YO=SECONDIYIMY

CALL NORUAX,AY BB ,CX,RINV,RINV],CUMD,0UMI,0UM2,0,M XX,
A JLFT, IRGI (IBES ,JGESeTCHK qUCMK (NEV,LINK NLINK TE oM N¢M2,N2 NBLK,
B NBLKIMXGS,LIeL2¢

00 990 J=2,4NI

00 990 1=2,m1

LIRS ES TP IR 3 15 PP

0O 991 J=I,4N

00 991 I=I.N

XX1T4ut20,

00 992 JZ2,N1

LzJ-1

00 992 122,m1

Kz=1-1

QUK LUSFUN L) =AY UK L ISXUT =TI =AXIK LAOXII=1,U)=BBIK,LISX(]I, )=
A CXIR LIOX(ToT  Jt=XET o]0

CONTINUE

FORMAT(IX,IPISERLT I

ERSUM=D,

00 740 1224M1

Xz1-1

00 7840 J=2.&1

Lzy-1

ERRUT gJUZF UK oL (=AY IR L UOX (I J=1)=AX (R ,LIOX(I=],J)=BBIK,L)®
A XTI gJt=CXUIKgLtoX (IO Dt =X 1Tque]t

ERRUTGJIZERRIL JUIONTYPE LT, UL

ERSUMZERSUMSABSIERR(IT,J 1)

ERRUT,JIZERRII JJUSFSUM

ERSUMZERSUMSFSUN/ZIM28N2)

MRITELE,900)

FORMAI(/80Y, 20MNORMALTIZED RESIDUALS)

00 782 1=2,M1

WRITEL6,90SLIERRIT yul4J22,N1)

CONTINUE

MRITEL6,906) ERSUM

FORMAT(/3TH MEAN ABSOLUTE NORMALIZED RESIODUAL = ,IPE9.2t
IF (FRSUM.GT<1.E-0) SIOP

(4]
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L
L]

1e
20
3.
L XY
Se
b
Te
8.

10,
11.
12.
13,
18,
18,
16,
17.
18.
19.
20.
21,
22,
23.
28,
25
26,
27.
28,
29.
33.
31.
32.
33.
34,
38,
36
37.
38.
39.
40,
a1,
82,
43,
a8,
4S.
46,
47,
4B.
49,
SD.
Sl
$2.
S$3.
Sa.
S$Se
S6.
57,
S8,
9.
60.
6l.
62,
63,
[ 11
6S.
66
67.
68,
69,
10,
1.

210

213
215

218
220
222
225

228

280
250

260

€ RINVII1,JyNB) IS THE

VERSION 4
(continued)

SUBROUTINE UAY(AX AY BB ,CX RINV,RINVI M, ILFT,
JIRGT o IGES ¢ JGES o TCHK g JCHK 4NEV o LINK (NLINK (NTYPE , TE sMD,NDM2,N2,
A NBLK,NBLK1,MXGS,L1,L2)

DIMENSION AXEM2,N2D gAY (M2,N2)BEIM2,N2),CXIN2,N2),
A RINVI1),RINVIE1),HIND,ND),

B JLFTUNDD)oIRGTUIND) oLIINBLK) JL2INBLKT),IGES IMXGS yNBLK),
€ JEESIMXGS JNBLI) qTCHK (MXGS JNBLK) o JCHK {MXGS ¢NBLK ) NEVINBLK),
D LINKEM2,NBLX2) NLINKINBLK2) NTYPE(MD,ND),IE INBLK)

JiTl

LDZL2(NBLK)

NB=D

NBZ=NBel

NGES=NEVINB)

NGES1IZNEVINB=-1)

LASL1IND)

LBIL2INB=])

LCZL2INB)

JH=TEINBD

JHPZ SN )

JHMZJH=2

0D 25D NG=1,NGES

IG=IGESING,NB )

JGZJGESINGoNB)

JFzJ6=1]

0D 21D J=JLyJHP

00 210 I=1,MD

Hi1,J)7De

HIT6,J6)=1,

IF (JF.GT.JHM) 6D TD 228

IF (INTYPE(16,JF).ED.0) 60 TO 220

NDP=NLINK{(NB=1)

00 214 N=I,NOP

MZLINKIN,NB=1)

IF (ICHK M NR=1)eEQeTG.ANDJCHKIMN,NB=T),E0.JF) 6D TD 218

CONTINUE

DD 218 N=Z1,NDP

LELINKINyNB=T)

HETCHKILoNB=1) qJFIZRINYI(LBOIN=T)ONGESTeN)

D0 228 J=JF, JHM

ILSILFT(Jde2) -1

IRZIRGT(Je2)~1

00 228 I=IL,IR

HITOl g Ue2)S=lAXIT JJIOHIT JeL1)eAY (T JloH (T U)e
A BBUToJIOHITOT U eT)eCX T JI0H{Te2,J¢1))

D0 23D NC21,NGES

JISICHK INC ,NB) =1

JSJCHK INCNB) =1

RINVILACINC=1)ONGESONGIZAXIT JIOHIT ¢ Jel)eAYIT  JIPHIT®L,J)*BBIT )

A HITOL,JoTeCX) yJItHITO2,U¢])

IF INB.ED.NBLK? 6D TO 250

NOPZNLINK (NB)

JZIEINB)

DD 2%D NZ1,NDP

MIZLINKINGNE)
RINVILD®(N=1)ONGESeNB)ZHITCHRIN NB) 4 J)
HIIG,JG)=0s

CALL MATINVIRINVILAL) NGES,NGES)

IF (NB.EOSNBLK) RETURN

DD 26D )=3,NGES

DD 260 JS14NDP

RINVIILC®(J=2)*NGES*T)=0,

00 260 K=I,NGES
RINVIILCOIJ=1)ONGES*1)ZRINVIILC*(J=2)ONGES*])~
A RINVILAC(K=1)ONGESeT)SRINVILD®(J=1)ONGESeK)

C RESIDUAL PDSITION FORCED BY A RESTDUAL VALUE DF 1 AT THE 1-TH
C RESIDUAL PDSITIONs HOMOGENEDUS BoCe®S ARE ASSUMED EVERYWMERE,
C INCLUDING THE TODP DF THME PRESENT SUBREGIDN NB.

JLSJH
6D 70 100
END
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A i o canmd 1

J l‘ivf
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-fﬁ; T r*rrr.vd'-«.—tv.rvr.rv
{ t

i 3

1e
20

3.
LY
Se
[
Te

[ 1

9.
10.
1.
12.
13.
18,
1S.
16
17.
18,
19.
20.
21.
22,
23
28,
25
26
27.
28.
29
30.
5.
32.
33.
s,
35.
36,
37.
3s.
39%.
a0,
8],
2.
83,
.,
8S.
8.
87,
..
9.
S0.
Sl.
S2e
53.
Se .
58.
S6.

105

118

120
150

200
201

VERSION 4
(continued)

SUBROUTINE NORCAX (AY BB ,CXRINV,RINV]I,0UMO,0UNI,0UM2,F HyX,
1ILFT o IRGT G IGES yUGES oI CHK g JCHK oNEV oL INK ¢NLINK 1€ "0 ,NO M2,
A N2,NBLK,NBLK]1,M¥G6S,L1,L2)

OIMENSION AXIM2,N2) ,AYIM2Z,N2),BBIN2,N2(,CXIN2,N2),

A RINVIIULRINVIUL) HINO,NOD),

B ILFTINOU,QRGTINOC LI INBLK(,L2INBLK]),1GESINXGS NBLKL,

C JGESIMXGS  NBLK) oI CHKEMXGS NBLK) g JCHIK(MXGS yNBLK) NEVINBLK ),
0 LINK(M2,NBLX]) ,NLINKINBLK]),1E(NBLK)

OIMENSION QUMDIM2 NBLK1),OUNIINXGS) qOUR2IMXES) ¢FIM2,N2) XIMO,ND)

Jsz

00 1S5S0 NB:z],NBLK

LCzL2inN8)

JFS1EINBY =2

00 105 J=JS,JF

ILZILFTISe2) =)

1RZIRGTIIe2) -]

00 105 1=1L,IR

X010l yJe2)2F Ul S)=AX{IoJIeXIT Jelt=AY(T JloXI]e], (=BB(),J)8
A X(1e1,301)=CXU1oJ)eNt102,001)

IF INB.EQ.NBLK) GO TO 150

NGESSNEVINE)

00 115 NZ]1,N6ES

1SICHKIN,NB) =1

JSJICHKIN NR) ~)

OUMLINDISF I, J)=AXIT,J)eX(T uel)=AVI] ,J)eX(10],J)=BBI],4)e
A X(10) JelleCX(T J)eXi1e2, 0))=X{10],3°2)

NOP=NLINK (NB)

JIlE(N8)

00 120 NZ1,NOP

OUM2iIN) =0,

00 118 M=),N6ES
OUM2IN)ZOUM2IN)¢OUN] (MIGRINVIILCOIN=]1)SNGESN) 0
MZLINKIN,NB)

T=ICHKIN,NB)

OUMOIN,NR)=X(],4)

X01,J)2X0]1,3)=0UN2LH)

JSZ1EINE)

00 300 NBIZ],N8LK

NBZNBLK=-NBle]

Js=1

1F INB.NELI) USITEINB=1)

JFZIEINB) =2
LAZL1INB)

LBZL2(NB=1)

NGESINEVINE)

IF (NB.EQ.NBLK) 60 TO 201
JS1EI(NB)

NOP=NLINK (NB)

00 200 NZ1,NOP

ML INK (N GNB)

TZICHK (Mo NB)

XTI, J)IZOUNDIN,NB)

CONTINUE
NZ1EINS)

00 202 J2JS,.M
00 202 131,n0
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e
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=

5T,

58
59
60.
6l.
62.
‘J.
68,
.5.
66
".
68,
69
70.
T1.
T2
73.
Tae
15.
6.
7’.
T8,
79.
80.
.l.
82.
83.
LY
8S5.
86
87.
aa.
89.
90.
91.
92.
91.
Q4.
95,
96,
”.

c
c
c

VERSION 4
(continued)

202 MN(1,J)=0.
00 230 NZI,NGES
ISICHKINGNB) =1
JSJCHKIN,NB) =1
210 OUMIINICSFII o JI=AX(I,J)0X(T o el d=AY(I,J)0X(Ie3,0)-B8(I, )
A XUIeT00¢13=CXUIoJ)0X(]02,J0])=X(10],J¢2)
00 220 NZ1,NGES
OUM2INI=0,.
00 238 M=), ,NGES
210 OUM2INIZOUM2UINISOUMIIMIORINVILAS(N=-T)ONGESeN)
IZIGESINNB)
JSJGES(NyNB)
H{T,J)Z0UN2(IN)
220 X(14J1=X(I,J090UM2ZIN)
I1F (NB.EO.I) 60 YO 250
00 222 NZ),MX6S
222 OUMIINIZO.
NOP=NLINK(NB=1)
JzJs
00 230 N=1,NOP
MZLINKINgNR=1)
IZICHK (N ,NE-])
2I0 OuUMItMIZH(I, J*I)
WHEN BOUNDARY 1S IRREGULAR, THERE 1S SOME WASTEO CALCULATION HERE IN
OROER TO AVLIO LOGICAL DECISIONS OR EXTRA STORAGE (NGES COULO BE
REPLACED BY NLINK(NB))
NGESSNEVINB=])
00 2840 N=I,NOP
OUM2(NIZO,
00 238 M=I,NGES
238 OUM2UINIZOUM2(N)eDUMT(MISRINVI(LB*(IN=-T)®NGESeM)
MZLINKINoNR-TI"
280 HIICHK(M NB=1)oJCHK (M NB=1))ZDUM2(N)
2%0 00 300 JUzJS,JF
ILZILFT(Je2) =]
IRSIRGT(Je2) =1
00 300 IZIL,IR
HEToT 43 o212 (AXIT,J)0HIT g do1deAVIIU)OH(TeL  J)e
A BBUIoJISHIT®I 301 )eCX I J)0H(Ie2,0e]))
3C0 X(IeI,J0e2)2x(Ielode2)eHITe],Je2)
ENO
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VERSION 4 3
(continued) i
1
<
1. 01 SUBROUTINE TOPOLEILFT,TRET,16ES ,JGES,TCHK o JCHK (NEV ,LINK,
2. 00 INLINK (NTYRE JTE yMoN oMl o NI M2 ,NBLK (NBLKS (MXGS,L1,0L2,L03,L02) L
3. 00 OIMENSION ILFTUIND IRGTUNDIGESIMXGS  NBLK), 3
' 00 A JGESIMXGS NBLK) o TCHK EMXGS ,NBLK) ¢ JCHKEMXGS yNBLKD o NEVINBLK D ¢ )
Se 00 BLINKIM2 ,NBLK1) oNLINKINBLKYI) (NTYPEUM N)TEUINBLK) ,LTUINBLK) L2INBLK]I) :
T o0 00 10 Jz2,NI "
7. oo 10 g
8. 00 2 131} ]
9. 00 IF INTYPE (T J)ONTYREST 4U~11,E0e0eANDoToLToMT) GO TO 2 1
10. 00 ILFTedIzY g
11. 00 1zm
12. 0o . 1=1-1
13, 00 1F (NTYPEST ,JIONTYPE (T 4J=1)4EQe0.ANDT6Te3) GO TO & i
16, 00 1C IRGTIJIZ] 3
15. 00 1R6TLIIZ2 7
16, 00 ILFTI1)=2 3
17. 00 ILFTEND =2 3
18. 00 IRGTINI =2
19. o0 00 1S Jz2,N1 3
20. 00 IF CILFTEJIGLECIRGT(JI) GO TO 1S r
21. 00 IRGT eI Z2
22, 00 ILFTLJIZ2 g
23. o0 15  CONTINUE 4
28, [+]] JMINZ2 *
25, 00 MXLNKZO
26, 00 L1(1)20 .
27. oo L2410 ¢
28. 00 00 100 NB=1,NBLK 5
29. 00 NGES=0 4
30. 00 NCHK=0 ]
3. 00 JMAXZTEING)
32, o0 00 40 1:2,M1
33, 00 NMENTYRE (1 ,JMIN-T)
38, o0 NUSNTYRE(T ,JHIN)
35. o0 00 A0 JZJUMINeJMAX
36. 00 NLZNM
37. 00 NMZNU
38, 00 NUSNTYPE(T,J¢1) i
39. 69 IF INM.EO.D) 60 TO &0 !
0. 00 1F (NL.EO.T.AND.J.NE.JMIN) 60 TO 20 4
al. 00 NGESSNGES*T
a2, 00 1F (NGES.GT.MXGS) GO 10 200
a3, o0 1GESINGES,NB) =1
as, 00 JGESINGES yNB =Y
45, +]+] 2C IF (NUEOsT.ANDsJoaNEsJMAX) GO TO &0 *
1Y% 00 NCHKZNCHKe ) b
a7, 00 TCHK INCHK (NB ) =T I
T8 00 JCHKENCHK , NB ) =J e
a9, o0 8C  CONTINUE 4
$0. 00 NEVINB)ZNGES .
51 00 IF (NB.EQ.NBLK) GO 10 100 b
52. [+]+] NLNK=0 :
53 00 00 80 X=1,NGES ;
se, o0 T121CHK (R oNB ) ]
55, 00 JZICHK (K (N8 ) 3
S6e o0 1F (NTYPEIT,J¢31.£0.0) GO 70O 80 -4
57, 00 NLNKSNLNK T )
: ‘88, 00 LINK(NLNK,NB) =K
59, 00 8C  CONTINUE 4
60, o0 NLINK (NB ) SNLNK .
{ 61, o0 MXLNKSMAXOEMXLNK sNLNKSNGES )
62. 6o LIINB®1)SLI(NB) *NGE See2 '
F 63, 00 1F (NBoNEGNBLK2) L2(NBO2)SL2(NB)IONGESONLNK J
6a, o0 LRINVIZL2UNB) oNGESENLNK 0
65 oo 1C0  JMINSUMAXST ]
; 66 o0 € IF MXLNK.GT.NGESONGES, THERE IS SOME WASTEQO STORAGE THAT 1S VERY ]
) 67, 0 € OIFFICULT 10 PROGRAM AROUND, BECAUSE OF THE OUAL ROLE OF THE LAST ’
3 68, o0 € BLOCK OF RINV, WHICH IS USED AS A SCRATCH AREA FOR RINVI OATA. )
k 9. o0 LRINVELIONBLK) SHAXD (MXLNK,NGES®e2)
70. 00 WRITE(6,157) LRINV,LRINV] :
E 71, 00 150 FORMAT(ISSH CIMENSIONS REOUIRED FOR RINV AND RINV] ARE LO1, LO2 = , 3
72, (1] ATS,2X,15,3H,7324H IF EITHER INPUT VALUE LO1 OR LO2 1S TOO SMALL, ¥
1 73, oo BME COMPUTATION IS HALVEQ HERE, AND THE USER MUST INCREASE LO1 ANO/ .
T4, 00 COR LO2 70/22H THE INDICATEO VALUESS) ]
75. 0o IF ((LO3.LT.LRINV).OR,6LO2.LT.LRINVI}) STOP 3
¢ 76, 00 RETURN ’
b 77. 09 2C0 WRITE(6,202) J
78, o0 2°P2 FORMAT(92H OIMENSION PARAMETER MXGS IS 100 SMALL FOR SPECIFIEC TOP ]
i 7. 00 AOGRAPHY ANO SUBREGION SPECTFICATION.)
5 00, co sT0P ]
[ 0. 00 ENO ]
} i
t 39 3
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1.

3.
Qe
Se
[ X3
Te
[ T3

10.
11.
12,
13,
14,
15.
l‘.
17.
h. 12.

19,

21.

22,

2!.
L -, 24.

25.
L 260

27.
L‘ F{. 1
29.
’n.
31.
’2.
’;.
3a,
35.
".
’1.

¥

e

W ——

T —— F?"

_"-._
[ 3

e i

»

[1]+]
o0
[11+]
[+]}
oo
*]4]
(+]4]
[+]}
o0
[+]+}
o0
o0
ob
00
+]+]
o0
[+]]
oo
oo
o0
[+] ]
00
00
ob
(*]4]
00
1]
+]+]
ob
oo
oo
*]4]
00
0o
(*]4]
[+1:)
00

1¢0
10

VERSION 4
(continued)

SUBROUTINE HATINV(B,N,N)
DIMENSION BiIN,1),81(100),82(100)
N1=M-1

00 110 1=1,KM1
B1i1)=1.7B11,41)
81(I,1)=1.0

00 112 Jz14M
BiI,J)zB(I,u)eB18])
1P1z1e]

00 120 I1=1P1,W™
81(11)=8(11,1)

00 125 T1=1IP1,M
8(I1,1)=0.

00 127 J=1,N
82(J)=BII,J)

D0 135 11ZIP1,4N

D0 135 J=1,H
BUI1,J)28111,0)-81(11)0B2(J)
CONTINUE

B1(1)21./78(NK,N)
BIN,M)Z1,

00 180 J=1,M
BiM,J)zBIN,J)eB1(1)

D0 150 I=2,M

00 155 12:21,1
81(12)38(12,1)

IN1zl-1

00 156 12:1,IM1
B(I2,1)2C,

00 157 J=1.M
B2(JI=BII,J)

1niz1-1

00 160 1231,1IMI

00 160 JZ1M
B112,J)=B112,J)-B1112)2B2(J)
CONTINUE

[4.1]
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16.
17.
18.
19.
20.
21 .
22,
23.
28,
2%.
26
27,
28 .
29.
30.
31.
32.
33.
3n.
3s.
36.
37.
3s.
3.
80.
L} Y
82,
a3,
.,
L399
L1 78
87,
SA,
a9,
S3.
Sl.
s2.
Ss3.
S,
SSe
Sée
$7.
Ss.
s$9.
60,
6l
62.
63.
[ L1
6Se
(1Y
6T,
68,
69,
0.
1.
T2,
3.
.
7S.
6.
AR
8.
9.
80.
8.
82,
83,
8s.
8S.
86,
87.
..

ONNNNAAA~A

01
™
1R
MA
NO
™
ax
AY

170

11

981

982

1(00
9 (S

740

2

0o

VERSION 5

PROGRAM JAYNORDIINPUL JOUTPUT ,TAPESZINPUT,TAPESZOUTPUT)
OIMENSION AXET,90,ATIT7,90,88)07,9),CX07,92,017,9),FL7,9),
A RINVIT 7,30 ,RINVIET 7,2),0UMDIT7,2),0UNSIT),0UM2DT)XD9,11),
8 HI9, 11D,ERRIP,11),XXI9,11),1E03)

DATA MoN,NBLK/9,1]1,3/

OATA 1E/0,7,10/

ETRTICH®S WOOIFIED MADALA SOLVER, VERSION S,

1S VERSION 1S 1DENTICAL YO VE®SION &, EXCEPY

REGULAR BOUNDARIES ARE NOT ALLOWED. IV IS ALSO EOUTVALENTY TO
DALA®S BASIC SOLVER, ALLOVING NON=-SEPARABLE OPERATORS ON A
N=UNIFORM MESH VITH REGULAR BOUNDARIES.

E EOUATION YO BE SOLVED 1S

11eJ) ¢ XU]oJel) @ CXI1yd) & Xile2,J¢1) ¢ BBI1,J) & X)]el,Je)) o
110J) @ XUle1,J) o Xilel,Jde2) = Fil,J),

$812],M=2),0JZ1yN=2))

ERE X01,J0y XIMeJDy XD1,o30, AND XCI,N) ARE LEFT UNCHANGED,
MiZn-=-}

NIZN-}

M2EM=2

N22N=2

NBLKIZNBLK=-]

00 100 J=14N2

00 100 1214M2

AXU1oJ)Z1ee.01¢)]1=0)0e2

Cxtl,dizle=o0le)]=0)0e2

AYD10Jd0Z1.0,010)J-S)0e2
BB)I1,JIZU=AXD] J}=AYD] J}=CX)]1, J}¢e0I®)JU=5)0802~],0)/

A t1.,=.01¢)J=-5)¢02)

CONTINUE

OENOM=) ,250MeN)O02

00 170 J=1oN

00 170 I=1,4M

X)1oJ0Z01=1e08)1=RI0lU~1420}J=N)/DENON

AXI14J020,

IF 11.E0e1eO0Re1eEQeMeORCUEDQeIORJEGN) XXITJIZXI] U
CONTINUE

FSUMZD.

00 171 J=24N}

L3J=1

00 171 1324M1

Kzl-1

FINGLISAXIN L IOX U] qJICAYIR,LISXI] LICCXIN LIOXDIOL U0

A XU1,3¢1)¢BBIK,LIOXDIT, )

FSUMZFSUMeABSIFIK, L))

FSUM=M2®N2 /FSUM

TO=SECOND)ITIND

CALL JAYDAX AT BB CXsRINV,RINVI M TE MyNyM2,N2,NBLK,NBLK])
TIrSuN=0.

00 181 J=2,N]

00 181 1=2,m}

011=1,J"112F11~1,J-1)

A¥T,J020.

ALINEZOD,

TO=SECONDITINM)

CALL NORIAX AT BB, CX RINV,RINV],0UMD,OUMI DUM2,00MoXXIE M N,M2,
A N2 NBLK,NBLK])

00 990 J=2.N1

00 990 1=2,M1

X)T o JIZAIT ) eXND LI}

00 991 J=I1,N

00 991 1Z1,M

AXIY JI20,

00 992 J4=2,N)

L2J=1

00 992 122,M1

Kzl=-1

OINGLISFIN LI=ATIR LIOXN}] (ol )=AXDIK L )OXNI]=],J)=BBIN,LVOX}], S}~
A CXIN LIeXIe] JI=X)]yJe))

CON1INVE

FOPMATIIX,IPISES.))

ERSUmzD.

00 780 122,11

KZl=-1

00 780 J=2,N]}

Lzd=]

ERRII gJISF IR LI~ATIN,LIOXI] ,J-1D=AXIN,L)OX)I=],J)=0BIK,L)®
A XD1,J0=CXIN LdOX)Le] JdeXD]pJe])
ERSUMCERSUMTABSIERR)IL JI)

ERRIIZJIZERRII yJISFSUN

FRSUMZERSUMSFSUM/IM2eN2)

MRITEDI6,900)

FORMAT)I/N0Y ,20HNORMALIZED RESIOUALS)

00 782 1°2,mM}

WRITEIG,FOSIIERRII U4 JZ2,N))

CONTINUVE

WRITEL6,906) ERSUM

FOPMAL)/Z3ITH MEAN ABSOLUTE NORMALIZED RESIOUAL = ,1PEY.2)

END
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RENY

1

le

3.
Qe
Se
6o
Te
8o

10.
Il.
lz.
13.
Ia.
ls.
I6e
17.
l..
19.
20,
21
224
23
28,
25.
26.
z’.
z..
29.
Se
31.
32.
33.
3a.
35.
36
31.
38,
39
aDe
Q.
02,
Lh
L1
L 3-7%
LI Y
a7,

210

218
220

225

230

240
2%0

260

VERSION 5
(continued)

SUBROUTINE JAY(AX (AY BB, CXoRINV,RINVY oMy 1E ¢MO,ND M2, N2 oNBLK
INBLKI)

DIMENSION AX(M2oN2) gAY (M2,N2) 4BBIM2,N2) JCXIM2,N2) RINV IM2,M2 ,NBLK)
AGRINVIIM2,M2,NBLKT) H(MD,ND),TE (NBLK)

sl

NB=D

NBINBel

JHZ1E(NB)

JHPZJHe 1

JHMZJH=-2

J6zJLel

DO 250 NGZ1,M2

16INGeT

00 210 JZJL,JHP

00 210 I=1,m0

HileJd)z20e

HITG6,J6) =1,

IF (NB.EO.I) 60 TO 220

00 218 N=1,m2

HINOI,JLIZRINVI (NG ,NyNB=1)

DO 225 JZJL,JHM

00 225 1:=1,m2

HETeT,Je2)Z= (AT JIOHIL o Jel)oAY(],J)0HIL01,U)eBBIT,JIPHILe] de]))e
A CX(Y,J)0H(1¢2,J¢1))

JzIN-1

00 230 131,K2

RINVING 1 yNBIZAXII yJ)OH (T ,JeT 1oAY (T, JI0H Le1,J)¢BBI1,J)®
A HITel,J00)eCXlT,JIOH(Te2,J¢1)

IF (NB.EQ.NBLK) GO Y0 250D

JZIE(NB)

DO 240 NZ1,M2

RINVING 4N NBLK)SHINI,J)

H(16,J6)=0.

CALL MATINVIRINVI1,I NB),H2,H2)

IF (NB.EO.NBLK) RETURN

0C 260 I121,M2

00 260 JT1,M2

RINVIt(1,3,NBYZD,

DO 260 K=1,M2

RINVIC] 4 JoNB)=RINVIIT oJoNBI=-RINVII K, ,NBI®RINV (X ,J,NBLK)

C RINVIII,JyNB) 15 THE °°ALMOSY HOMOGENEOUS®® SOLUTION AT THE J=TH OPEN
C RESIOUAL POSITION FORCED 8Y A RESIOUAL VALUE OF 1 AT THE I-TH

C RESIOUAL POSITION. HOMOGENEOUS BeCe®S ARE ASSUMED EVERYWHERE,

C INCLUDING THE 10P OF THE PRESENT SUBREGION NB.

JLZJH
60 70 100
END
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' VERSION 5
(continued)
3
I»c -
I. 01 SUBROUTINE NORUAX AV BB, CX,RINV,RINV],0UND,OUNT ,0UM2,F ¢H X, IE o
F- 2. 00 INO(NG,"2,N2,NBLK NBLKD D
1 3. [¢]¢] OLMENSION AXUIM2,N2D AYIM2 N2D BBIM2,N2DCXIM2,N2),RINVIM2,M2,NBLK)
i .. 00 AgRINVIIM2,M2 (NBLKL) (HIMD,NO) o TEINSLK ) (DUMDIN2,NBLKY) ,OUNTIN2]),
- 5. ng B OUM2UM2),FIM2,N2 ) XINO,NO}
o [ 9 0 JSz1
1 7. 00 00 150 NBZ1,NBLK
F s. o0 JFZ1EINB =2
O 9 00 00 195 J3JS,JF
! 10. 00 00 105 I=1,M2
. 00 105 X(Te1,00203F1,Ul=aXIToJIoX1T,del)=AYIT,J18X(1¢],J)=8B(1,J00
= 12, 00 A X1T*2,J02)=CxilJdieXt]Ie2,J¢1)
i 13. 00 IF INB.EO.NBLKIGO TO 150
- Ia. 00 JZIEINS -]
J 15. 60 00 115 131,M2
. T6. 00 115 OUMIITISFIT,JI=AXIT,JISRIT,Jedi=AV(T,JISX{TeT,J)=BBII,J)®
L. 7. 00 A XU201,J020=CXUT JIoNIT02,JeT0=X120),J02)
! 1. 00 JSIEINS)
- 19. 00 00 120 NZ1,M2
$ 20. 00 OUM2INIZO.
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VERSION 5
1 (continued)
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, 1. 00 SUBROUTINE MATINV(B (N,M)
i 2. @0 DIMENSION BIN,1),811100),821(100)
I 3. 00 Mizn-}
§ .. 00 00 110 131,m1
[ Se 00 B1011=1./B11,1)
i [ X 00 8e1,1221.0
Te 00 00 112 J=1.M
' 00 112 Bl J)ZBil,J)eB1(1)
9. 00 1P1z1e1
10. 00 00 120 111P1,M
1. o0 120 BI¢INIZBI11,I)
12. 00 00 125 1121P1,M
! 13. 00 125 Bi11,11=0,
1 8. 00 00 127 JZleN
15. 00 127 B201J1:=811,J)
16 00 00 135 1121P1,M
17. 00 00 135 JZ1.M
:‘ 18. 00 1S BU11,J)zB(11,0)-B1(1110B2(J)
19. 00 110 CONTINUE
20. 00 B101021./BIMN)
21. 00 Bim,mIz1,
r 22. 00 00 140 J=1leM
) 23. 00 180 BIM,JIZBIM,J)eBL(1)
: 24, 00 00 153 122,
- 2s. 00 00 155 12:1,1
d 2. 00 155 B1U12)=8(12,1)
(| 27. 00 Intz1-1
20, 00 00 156 12:1,1n1
29. 00 1% B12,1120,
30. 00 00 157 J=l,N
3i. 00 157 B21JIZBUL 0
32, 00 1n1z1-1
33. 00 00 160 12=1,Inml
3. 00 00 160 J=1,M
35. 00 160 B112,J)38112,J)-B111219821J)
36 00 150 CONTINUE
. 00 END
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